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FOREWORD 


The  purpose  of  the  project  described  In  this  report  was  to  develop 
a  probabilistic  environmental  model  for  solid  rocket  motor  life  predic¬ 
tion.  Methodol ogles  used  for  constructing  an  environmental  model  are 
described.  Movement  of  rockets  from  one  location  to  another  Is  simu¬ 
lated  by  Markov  chain  theory.  Damage  caused  by  thermal  stresses  is 
calculated,  and  a  cumulative  damage  failure  criterion  Is  adopted.  Spe¬ 
cific  results  are  shown  for  Sidewinder  rockets. 
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SUMMARY 

In  this  report,  a  methodology  for  estimating  the  time  to  failure  of 
rockets  by  using  probabilistic  analysis  has  been  described  and  illus¬ 
trated.  In  particular,  a  probabilistic  model  of  the  thermal  environment 
to  which  rockets  are  exposed  in  real  life  situations  was  developed.  As 
an  example,  the  Sidewinder  rocket  motors  were  considered,  and  the  real¬ 
istic  thermal  environmental  and  logistic  (i.e.,  movement  of  rockets  from 
one  location  to  another)  data  were  probabilistically  modeled.  The  meth¬ 
ods  used  are  general  and  can  be  applied  to  other  rockets.  Failure  occurs 
when  the  rocket  motor  has  exceeded  an  allowable  level  of  cumulative  pro¬ 
pellant  damage. 

In  this  report,  propellant  damage  was  caused  by  thermal  stresses  re¬ 
sulting  from  external  temperature  only.  There  are  other  causes  besides 
temperature  for  damage  in  rockets  (such  as  shock  and  vibration,  chemical 
aging  of  the  propellant,  humidity,  and  radiation).  These  are  not  con¬ 
sidered  in  this  model;  however,  it  is  recommended  that  these  other  effects 
be  added  into  the  damage  calculations. 

The  example  for  Sidewinder  rockets  was  integrated  with  the  model  de¬ 
velopment.  The  environmental  temperature  model  was  developed  first. 

This  model  is  quite  general  and  describes  the  temperature  in  a  probabil¬ 
istic  manner.  The  example  internal  temperature  distribution  through  the 
motor  case  and  grain  was  then  determined  in  a  sealed  motor  for  a  given 
external  temperature  variation.  Following  this,  example  stresses  due  to 
(1)  temperature  gradients  in  the  rocket  propellant  and  (2)  differences  in 
material  properties  between  propellant  and  casing  were  determined.  A 
Markov  state  model  was  then  developed  that  describes  the  probabilistic 
manner  in  which  rockets  change  locations  using  various  modes  of  trans¬ 
portation.  A  damage  accumulation  model  was  interfaced  with  the  Markov 
state  model,  and  numerical  results  are  shown  for  Sidewinder  rockets  using 
past  motor  logistics  data  and  a  representative  environmental  model. 
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Damage  accumulation  was  considered  for  storage,  transportation,  and 
captive  flight  conditions  for  Sidewinder  missiles. 

Damage  incurred  during  storage  is  minimal.  Navy  storage  locations  are 
situated  in  mild  climates  with  the  most  climatically  severe  storage  site 
located  at  Tokyo/ Atsugi .  Rockets  aboard  ships  also  experience  a  mild 
temperature.  The  surrounding  sea  acts  as  a  temperature  stabilizer  and  ships 
do  not  frequently  travel  in  very  cold  and  icy  waters  where  damage  could  be 
higher. 

Truck,  train,  and  air  transportation  is  more  damaging  than  storage 
(by  at  least  two  orders  of  magnitude);  and  captive  flight  is  more  damag¬ 
ing  than  either  storage  or  transport.  During  captive  flight  the  rocket 
is  directly  exposed  to  the  surroundings;  the  air  at  high  altitudes  is 
very  cold  and,  hence,  can  cause  a  larger  amount  of  damage  because  of  re¬ 
sulting  low  motor  temperatures. 


INTRODUCTION 

The  DroDellant  of  solid  rocket  motors  in  weapons  systems  is 
known  to  deqrade  with  time.  Prediction  of  the  time  at  which  the 
solid  rocket  motor  is  no  lonqer  serviceable  is  extremely  important  to 
overall  planninq  of  the  deployment  and  replenishment  of  the  weapons 
system.  The  weapons  system  planninq  is  related  to  the  time  when 
early  failures  in  the  solid  rocket  motor  fleet  are  expected,  rather 
than  the  time  when  an  "averaqe11  motor  is  expected  to  fail,  resulting 
ip  a  need  for  probabilistic  failure  prediction  methods.  These  meth¬ 
ods  of  failure  prediction  can  also  be  expected  to  lead  to  improved 
specifications  for  motor  procurement. 

An  accurate  description  of  the  environment  to  which  the  motor 
will  be  subjected  is  a  critical  first  step  in  failure  prediction. 
Since  environmental  factors  (such  as  temperature)  and  the  life  cycle 
of  deployed  motors  arc  random  in  nature,  a  probabilistic  treatment,  of 
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life  prediction  is  essential.  The  purpose  of  this  project  was  to 
develop  a  prohahi listic  model  of  solid  rocket  motor  environments  and 
to  demonstrate  that  the  model  can  be  used  in  life  predictions. 

One  of  the  main  natural  causes  of  rocket  motor  dpqradation  is 
thermal  stresses  in  the  propellant  which  can  cause  initiation  and 
qrowth  of  cracks.  Rocket  motors  are  frequently  transported  from  one 
location  to  another  or  they  are  stored  in  different  locations  around 
the  world.  Each  location  is  characteri zed  hy  its  own  unique 
climate.  Rockets  could  be  in  covered  storaqe,  dump  stored,  inside 
aircraft  carriers  or  other  ships,  air  or  qround  transported,  on  the 
deck,  or  in  captive  fliqht.  All  of  these  activities  have  their  own 
representat i ve  climates.  The  rocket  external  temperature  varies  due 
both  to  diurnal  temperature  chanqes  and  seasonal  temperature  chanqes 
and  with  position  on  the  surface  of  the  earth.  These  temperatures 
and  the  temperature  chanqes  induce  thermal  stresses  in  the 
propellant,.  Thermal  stresses  arise,  even  in  a  steady  state  condition 
(uniform  temperature),  because  of  differences  in  thermal  expansion 
between  the  propellant  and  the  rocket  case  and  because  they  are  below 
their  stress-free  temperature.  The  most  hiqhly  stressed  locations 
are  qenerally  the  case  bond  and  the  bore. 

In  this  report,  the  effect  of  temperature  on  rocket  motor  riamaqe 
is  emphasized,  and  an  example  external  temperature  model  for  Side¬ 
winder  rockets  is  developed.  Althounh  there  are  other  causes  for 
rocket  lamaqe  such  as  vibration,  chemical  aninq  of  the  propellant, 
radiation,  humidity,  and  shock,  these  effects  are  not  considered 
here. 


The  propellant  material  is  frequently  characterized  by  a  visco¬ 
elastic  thermo-rheoloqicall  v-simple  material  behavior.  The  most 
important  feature  of  this  behavior  compared  to  purely  elastic  beha¬ 
vior  is  that  the  r„->i^i0nshio  hpf.wqpo  stresses  ana  strains  in  »he 
materia’  is  not  unique  but  is  a  funition  of  time  and  temperature. 
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Substantial  test  information  exists  that  relates  time-to-fai lure  in  a 
propellant  to  constant  applied  stress,  constant  applied  strain,  or 
stress  applied  at  constant  strain  rate.  Propellants  in  real  weapons 
systems  are  not  sub.iected  to  constant  stresses  or  strains.  Instead, 
both  the  stress  and  strain  vary  continuously  with  time,  dependent 
upon  the  envi ronmental  (particularly  temperature)  fluctuations. 
Limited  information  exists  to  relate  these  time  variant  stresses  and 
strains  to  propellant  failure.  One  relationship  that  has  shown  con¬ 
siderable  promise  as  a  failure  criterion  is  the  linear  cumulative 

1 

damaqe  model  proposed  by  Bills  and  Wieqand. 

2  3 

Related  studies  have  been  done  by  Cost  and  Dagen,  and  Heller, 

4  5  6 

and  more  recently  by  Cost.  ’  *  These  investigators  made  consider¬ 
able  proqress  in  calculating  propellant  response  to  probabilistic 
environments.  The  present  model  builds  on  this  previous  work  by 
emphasizing  the  relationship  of  the  environment  to  motor  loqistics 
and  the  effect  on  motor  failure  of  cumulative  damaqe  due  to  the  envi¬ 
ronment. 

The  major  different  features  of  this  development  compared  to 
previous  work  are: 

1.  Combination  of  a  previously  defined  cumulative  damaqe 
model  that  is  consistent  with  observed  propellant  beha¬ 
vior  with  an  environmental  model  that  produces  cumulative 
damaqe.  Propellant  failure  can  be  caused  by  the  accumu¬ 
lation  of  many  temperature  cycles,  even  if  the  critical 
stress  or  strain  to  cause  failure  in  a  sinqle  cycle  is 
never  exceeded. 

2.  Development  of  a  realistic  probabilistic  model  of  the 
environment  that  characterizes  the  deployment  of  Wavy 
tactical  weapons  systems.  Buch  an  environmental  model 
takes  into  account  the  fact  that  motors  in  these  weapons 
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systems  are  frequently  moved  from  one  location  to  another 
using  various  modes  of  transportation. 

3.  Use  of  simulation  techniques  that  can  readily  calculate 
the  probability  distributions  of  life  for  the  earliest 
failures  in  the  fleet.  It  is  this  information  that  is 
important  in  making  decisions  on  fleet  replenishments. 

To  develop  a  probabilistic  model  of  solid  rocket  motor  environ¬ 
ments  with  these  features,  it  is  important  that  the  eventual  use  of 
the  model  be  clearly  established.  The  proposed  model  is  to  be  used 
to  predict  the  damage  incurred  by  (and  eventual  failure  of)  solid 
rocket  propellants.  Therefore,  it  is  essential  that  the  environmen¬ 
tal  model  contain  the  major  effects  that  result  in  damage  to  the 
propellant.  The  damage  model  to  be  used  in  this  development  depends 
on  the  amount  of  time  at  a  particular  stress  and  temperature  for  all 
discrete  locations  in  the  propellant.  The  major  environmental  fac¬ 
tors  affecting  these  parameters  are  temperature  external  to  the  motor 
and  changes  in  this  temperature  as  a  function  of  time.  Therefore, 
emphasis  in  the  model  was  placed  on  temperature  and  temperature 
changes . 

The  interaction  among  elements  of  motor  life  prediction  is  shown 
in  Figure  1.  As  shown,  environmental  data  and  motor  logistics  data 
must  be  combined  to  formulate  the  probabilistic  model.  It  is  also 
clear  that  the  model  must  be  in  such  a  form  that  the  propellant 
stress  and  environment  history  can  be  used  with  the  damage  model  to 
make  probabilistic  predictions  of  motor  life. 
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Figure  1  -  Relationships  in  Overall  Life  Prediction 
Problem. 


ROCKET  MOTOR  EXTERNAL  TEMPERATURE  MODEL 


The  temperature  of  a  rocket  motor  skin  in  a  qiven  environment  is 
modeled  as  a  random  variable  which  can  be  characterized  by  a  sinusoi¬ 
dal  series  consistinn  of  various  harmonics.  This  model  can  be  viewed 
as  a  connlex  Fourier  series  representation  of  the  rocket  skin  temper¬ 
ature 


T 

s 


T  + 


n 


I 


l 

i=l 


T  .e  iu>i  * 


(1) 
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where  T$  is  the  skin  temperature,  i'n  is  the  mean  temperature,  Ti  is  the 
amplitude  of  the  harmonics,  10^  are  the  harmonic  frequencies,  t  is  time, 
and  I  is  the  number  of  harmonics  considered;  j  desiqnates  /TT. 

In  the  present  model,  the  frequencies  are  assumed  to  be  fixed 
deterministic  values.  The  amplitudes  Tn  and  T^  are  modeled  as  random 
variables  to  be  characterized  from  past  recorded  temperature  data. 

Within  the  propellant,  a  temperature  solution  of  the  form 


T(r,t)  =  TT(r,t)  +  Tm 


I 

l 

i  =  l 


T.R.e'^i1 


(2) 


is  expected,  where  r  represents  the  location  within  the  propellant, 
Ty(r,t }  is  a  transient  tern  that  decays  with  time,  and  Ri  is  a  term 
dependent  upon  location,  u . ,  propellant  properties,  and  qeometry,  but 
not  upon  time. 

Suitable  analysis  methods  can  be  used  to  solve  for  stresses 
versus  time  under  these  temperature  conditions.  Stresses  are  depen¬ 
dent  ur on  temperature  qradients  within  the  propellant,  properties  and 
differences  in  properties  of  the  propellant  and  case,  and  the  propel¬ 
lant.  and  case  qeometries.  A  typical  assumption  is  that  propellants 
behave  ideally  as  viscoelastic  media  with  temperature-dependent 
relaxation  modulus.7  Stress  solutions  can  qenerally  be  expressed 
as 


where  .  ane  the  components  of  stress,  £  is  a  vector  of  case  pro¬ 
perties,  ?  is  a  vector  of  propellant  nroperties,  r  represents  loca¬ 
tion,  ?«d  t  is  tine.  For  most  propellants,  t*>e  orepert.vts  £  -;ust  be 
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taken  as  time  and  temperature  dependent  for  realistic  analysis  (i.e., 
thermo-viscoelastic  analysis). 

A  power  spectrum  for  temperature  exhibits  two  significant,  nar¬ 
row  peaks  centered  at  the  frequencies  of  the  seasonal  and  diurnal 
8 

cycles  as  shown  in  Fig.  2.  Therefore,  the  temperature  representation 
model  can  be  simplified  by  retaining  only  the  diurnal  and  seasonal 
frequencies  in  the  Fourier  series. 

Hence,  the  temperature  is  expressed  by 


T  =  T  +  T  sin  w  t  +  T  ,  sin  w  .t 
s  m  a  ad  d 


(4) 


where  Tn  is  the  mean  temperature,  Ta  and  Td  are  the  amplitudes  of  the 
annual  and  diurnal  cycles,  respectively,  and  u>a  and  u>dare  the  annual 
and  diurnal  angular  frequencies  given  by 


ua  =  27tFa  =  Item  hour’1  (5) 

“d  =  =  7S  hour_1  (6) 
with  F  denoting  the  cyclic  frequency. 

This  analytic  form  of  the  external  temperature  is  convenient  for 
solving  the  heat  equation  in  closed  form  and  for  determining  the 
temperature  distribution  throughout  the  rocket  cross  section. 

The  temperature  model  assumed  in  this  analysis  and  described  by 
Eq.(4)  would  qive  a  discrete  frequency  spectrum  as  shown  in  Fiq.  2. 
Therefore,  the  deterministic  frequency  model  is  an  idealization  of 
the  actual  temperature  representation.  Although  the  frequencies  of 
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the  tenperature  cycles  are  assumed  to  be  fixed  deterministic  values, 
the  amplitudes  of  the  seasonal  and  diurnal  cycles,  Ta  and  Td,  are  to 
be  represented  probabilistically.  As  an  example.  Sidewinder  rockets 
are  considered,  and  the  specific  temperature  amplitudes  T  ,  Td  are 
determined  for  different  Sidewinder  locations. 


EXAMPLE  EXTERNAL  TEMPERATURE  MODEL  FOR  SIDEWINDER  ROCKETS 

Sidewinders  are  five  inch  diameter  rockets  used  in  air-to-air 
operations.  These  rockets  are  found  in  a  variety  of  environments  and 
conditions  around  the  world.  The  averaqe  life  of  a  Navy  Sidewinder 
rocket  is  spent  as  follows  (see  NWC  TP  4464,  Part  1,  p.159). 


Figure  2  ■  Schematic  Ambient  Temperature  Power  Spectrum 
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Location 

Condition 

Portion 
of  Life 

Spent 

Storage 

covered 

87% 

exposed/dump 

3%  (lower 

Transportation 

air 

duri ng 

peacetime 

0.82% 

ground 

4.15% 

Ammunition  and 

Combat  ship 

5% 

Captive  flight  * 

0.03% 

There  are  different  clinates  unique  to  each  of  these  main  cate¬ 
gories.  Table  1  shows  possible  locations  throughout  the  world  where 
Sidewinders  are  found.  These  include  both  continental  USA  and  over¬ 
seas  bases,  ships  (such  as  aircraft  carriers,  ammunition  ships)  and 
others.  Rockets  are  frequently  transported  from  one  of  these  loca¬ 
tions  to  another;  transportation  can  be  either  by  sea,  air  or  qround 
(train  or  truck).  In  the  following  sections  the  applicable  external 
temperature  will  be  developed  for  each  of  these  locations.  That  is, 
the  parameters  describing  the  external  temperature  (Eq.(l))  will  be 
determined. 


This  datum  was  determined  from  the  Navy  Fleet  Analysis  Center's  RH 
History  tape. 
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Table  1  -  Sidewinder  Locations 


1.  Yorktown,  V A 

2.  Subic  Bay,  RP 

3.  Israel 

4.  Fallbrook,  CA 

5.  Aqana,  Guam 

6.  Coral  Sea,  CV-43 

7.  Subic  8ay  NAVMAG 

8.  Concord,  CA 

9.  Yuna,  AZ 

10.  Seal  Beach,  CA 

11.  Miramar,  CA 

12.  Dallas,  TX 

13.  Kaneohe,  HI 

14.  Atsuqi ,  Japan 

15.  Oceana,  VA 

16.  El  Toro,  CA 

17.  Roosevelt  Roads,  PR 

18.  NAHA,  Okinawa 

19.  Kadena 

20.  Point  Muqu ,  CA 

21.  Siqonella,  Italy 

22.  Beaufort,  SC 

23.  Norfolk,  VA 

24.  Sinqapore 

25.  Oa  Nanq,  Vietnam 

26.  Nellis  AFB ,  N V 

27.  Rota,  Spain 

28.  Cherry  Point,  NC 
2°*.  Kev  West,  FI. 

30.  Iwakuni,  Ja^an 

31.  Nan  Phonq 


Ships 

32.  Kitty  Hawk  CV-63 

33.  Independence  CV-62 

34.  JFK  CV-67 

35.  Midway  CV-41 

36.  Constellation  CV-64 

37.  Ranqer  CV-61 

38.  Enterprise  CVN-65 

39.  Oriskany  CV-34 

40.  Shasta  AE-33 

41.  Santa  Barbara  AE-28 

42.  Suribachi  AE-21 

43.  Saratoqa  CV-60 

44.  Butte  AE-27 

45.  Nimitz  CVN-68 

46.  Forrestal  CV-59 

47.  Flint  AE-32 

48.  Hull 

45.  Mt.  Baker  AE-34 

50.  Wabash  AOR-5 

51.  America  CV-66 

52.  F.O.  Roosevelt  CV-42 

53.  Detroit  AOE-4 

54.  Nitroh  AE-23 

55.  Eisenhower  CVN-69 

56.  Canisteo  AO-99 

57.  Camden  AOE-2 

58.  Haleakala  AF-25 

59.  Kiska  AF-35 

60.  Hancock  C V - 1 Q 
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Sidewinder  Storage  Location  External  Temperature 

The  National  Oceanic  and  Atmospheric  Administration  (NOAA)  in 
Asheville,  North  Carolina,  has  an  extensive  data  base  of  tempera¬ 
tures*  for  many  locations  both  in  the  United  States  and  overseas. 
Temperature  data  are  recorded  hourly  or  every  three  hours  and  for 
several  years. 

Typically,  the  data  span  a  ten  to  twenty  year  period  or 
lonqer.  A  temperature  computer  tape  for  each  of  the  Sidewinder 
ground  locations  was  obtained  from  NOAA. 

A  computer  proqram**  called  WEATHER  was  developed  at  Failure 
Analysis  Associates  (FAA)  which  analyzes  the  NOAA  weather  tapes  and 
produces  probabilistic  distributions  of  the  mean  annual  temperature 
Tm,  seasonal  temperature  amplitude  Ta,  and  diurnal  temperature  ampli¬ 
tude  Td. 

WEATHER  initially  computes  daily  mean  temperatures.  From  these, 
monthly  means  are  obtained  and  then  the  annual  mean  is  obtained  by 
calculating  the  means  of  the  months.  A  deterministic  value  of  Tn  is 
used  since  the  annual  mean  temperature  has  a  very  small  standard 
deviation. 

10 

Cumulative  density  functions  (COF)  were  found  for  the  annual 
temperature,  Ta  and  the  daily  temperature  amplitude,  Td.  The  annual 
temperature  amplitude  for  a  given  year  was  assumed  to  be  half  the 
difference  between  the  highest  and  lowest  monthly  mean  tempera- 


*  NOAA' s  weather  tapes  contain  additional  weather  information  besides 
ambient  temperatures. 


**  All  computer  programs  here  are  written  in  FORTRAN  and  are  listed 
in  Appendix  D. 
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tures.  The  diurnal  temperature  amplitude  for  a  qiven  day  was  assumed 
to  be  half  the  difference  between  the  highest  and  the  lowest  daily 
temperatures.  The  cumulative  density  functions  for  the  amplitudes 
were  constructed  from  the  frequency  of  the  size  of  the  amplitudes. 
Typically,  the  seasonal  tenperature  amplitude  is  found  to  have  a 
smaller  deviation  than  the  diurnal  temperature  amplitude.  Figures  3 
and  4  describe  a  typical  CDF  for  the  seasonal  and  diurnal  temperature 
amplitudes  for  Point  Mugu,  California.  Notice  the  wider  variation  of 
the  diurnal  temperature  amplitudes. 


Cumulative  Density  Function 
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Figure  4  -  Probabilistic  Daily  Temperature  Amplitude. 


Durinq  the  Monte  Carlo  simulation  for  a  rocket  motor  in  storaqe, 
a  random  number  between  zero  and  one  is  qenerated  to  select  the  an¬ 
nual  temperature  amplitude.  This  determination  is  achieved  by  usinq 
the  CDF  appropriate  for  that  storaqe  location.  The  sane  process  is 
repeated  to  determine  the  diurnal  temperature  amplitude.  The  actual 
data  for  the  storaqe  location  are  used  directly  without  attemntinq  to 
fit  a  parametric  model  to  the  temperature  distribution,  ’’he  randor 
number  qenerator  proqram  RANDK11  is  available  at  the  Stanford 
University  computer. 
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The  complete  seasonal  and  diurnal  CDFs  for  all  the  storage  loca¬ 
tions  are  shown  in  Appendix  A.  A  digital  form  of  these  data  is  used 
later  in  the  damage  calculation. 

Approximately  98%  of  the  stored  rockets  are  in  covered  type 
storage  and  the  rest  are  dump  stored  or  not  covered  (NWC  TP  4464, 
Part  1,  p.  159).  Rockets  in  covered  storage  are  well  insulated. 
Therefore,  the  rocket  skin  will  experience  a  small  temperature  varia¬ 
tion  compared  to  the  ambient  air  temperature  fluctuations.  The  ef¬ 
fect  of  the  insulation  will  be  modeled  by  introducing  seasonal  and 
diurnal  amplitude  scale  factors,  ffl  and  fd,  in  the  following  storage 
temperature  representation  formula: 


T.  =  T  +  f  T  sin  u>  t  +  f.T  .  sin  m,t 
storage  m  a  a  a  d  d  d 


(7) 


Ar  approximate  value  of  fg,  based  on  earth  covered  storaqe  tem¬ 
perature  data  in  Oahu/Hawaii,  is  0.66  (see  NOTS  TP  4143,  Part  2, 
1  2 

p.5).  An  estimate  of  fd  could  not  be  inferred  from  that  same  re¬ 
port.  It  is  expected  that  fd  will  be  smaller  than  ffl  and  close  to 
zero. 


External  Temperature  for  Ship  Transport 

Tenperature  data  for  ordnance  carried  on-board  ships  are  avail¬ 
able  but  limited  to  only  a  few  ships.  However,  data  from  many  levels 
are  collected.  Since  these  ships  are  constantly  in  motion  they  will 
experience  different  climates  not  only  because  of  seasonal  chanqes 
but  a’so  because  the  ships  move  to  different  locations  on  the 
oceans.  Therefore,  temperature  history  for  a  given  ship  is  not  very 
meaningful  unless  its  location  and  season  are  known.  Such  data  will 
be  ve>~y  difficult  to  construct.  Instead  of  developing  an  external 
tenperature  input  for  each  ship,  we  an  construct  a  single  global 
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temperature  model  for  all  ships,  assuming  the  available  temperature 
data  constitute  a  representative  sample.  The  form  of  the  external 
rocket  temperature  will  be  the  same  as  Eq.(4),  i.e., 

T  =  T  +  T  sin  w  t  +  T  ,  sin  oi.t  ,  whereby  the  probabilistic  ampli- 

m3  3  0  0 

tudes  Tg  and  T^  and  the  mean  temperature  Tm  are  determined  from  the 
cumulative  density  functions  (COF)  of  all  the  ships  for  which  temper¬ 
ature  data  are  available.  Howard  Schafer  of  NWC,  China  Lake  uses  a 
single  parameter  probabilistic  CDF  but  his  method  cannot  account  for 
seasonal  and/or  diurnal  temperature  cycles  (see  Fig.  36,  NWC  TP  4824, 
(Ref.  13)  for  composite  temperature  of  all  ships,  all  levels).  A 
computer  program  AIRCARRY  was  written  that  determines  the  CDFs  of 
seasonal  and  diurnal  temperature  amplitudes  from  the  raw  temperature 
data  of  rockets  inside  ships. 

Temperatures  from  different  levels  in  ships  and  different  car¬ 
riers  were  used.  The  source  of  the  data  is: 

USS  Franklin  D.  Roosevelt  CVA  -42 

USS  Kitty  Hawk  CVA  -63 

USS  Enterprise  CVAN  -65 

USS  Shangri-La  CVA  -38 

A  total  of  4638  days  were  considered  in  compiling  the  tempera¬ 
ture  CDF  data.  The  resulting  CDF  for  the  diurnal  temperature  ampli¬ 
tude  is  shown  in  Fiqure  5.  Note  that  the  daily  temperature  variation 
is  generally  small.  Since  the  temperature  data  used  cane  from  only 
two  different  years,  a  probabilistic  representation  of  seasonal  tem¬ 
perature  amplitude  was  not  available  and  a  deterministic  mean  value 
of  4°F  was  assumed.  When  temperature  data  from  other  years  becomes 
available,  a  probabilistic  seasonal  temperature  amplitude  can  be 
constructed. 
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Figure  5  -  Diurnal  Temperature  Amplitude  CDF. 

Captive  Flight  External  Temperature  Model 

Measurements  of  skin  temperature  of  rockets  durinq  captive 
flight  indicate  that  with  the  exception  of  take-off  and  landinq, 
external  temperature  of  ordnance  is  quite  uniform.  Fiqures  6  and  7 
show  typical  temperature  vs.  time  plots  of  Sidewinder  rockets  durinq 
captive  fliqht. 

A  majority  of  captive  flights  are  flown  at  low  to  medium  alti¬ 
tude  where  the  ambient  air  temperature  is  mild.  A  small  percentaqe 
of  fliqhts,  however,  are  flown  at  hiqh  altitudes  (40,000  to  50,000 
feet)  where  temperatures  as  low  as  -70°F  can  develop  on  the  external 
skin  of  rockets.  Because  of  the  limited  data  durinq  captive  fliqht 
at  this  time,  a  complete  probabi 1 i~tic  model  for  external  temperature 
of  rockets  cannot  be  established.  Instead,  a  simplified  model  is 
used,  represented  by  a  constant  temperature  durinq  each  fliqht,  with 
the  temperature  randomly  selected  from  an  assumed  Gaussian  distribu¬ 
tion.  A  mean  temperature  of  30°F  and  a  standard  deviation  of 
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Figure  6  -  Flight  Profile  of  a  Typical  High-Altitude  Loiter 
Flight  (from  NWC  TP  5365). 

20°F  are  assumed.  The  averaqe  duration  of  a  cantive  fliqht  is 
approximately  two  hours. 

External  Temperature  of  Sidewinders  During  Transportation 

Approximately  83%  of  Sidewinders  are  qround  transported  and  17% 
air  transported.  A  similar  temperature  model  is  used  for  air  trans¬ 
portation  as  in  captive  fliqht;  that  is,  a  uniform  external  tempera- 
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ture  is  assumed  during  the  flight.  However,  the  mean  temperature  and 
standard  deviation  will  be  different  than  for  captive  flight.  Limit¬ 
ed  information  exists  in  NWC  TP  482815  for  temperatures  of  air  trans¬ 
ported  ordnance. 


Figure  7  -  Flight  Temperature  Profiles  During  Medium-Altitude 
Flight  (from  NWC  TP  5365). 14 
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During 
temperature 
Figs.  12-17 


air  transportation  a  Gaussian  distribution  with  a  mean 
of  60°F  and  a  standard  deviation  of  10°F  was  assumed  (see 
of  NWC  TP  482815). 


During  ground  transportation  (truck  or  train),  the  external 
temperature  varies  due  to  the  effect  of  diurnal  temperature  cycles 
and  also  due  to  changing  location  (i.e.,  changing  climates).  It 
would  be  a  formidable  task  to  precisely  trace  the  complete  external 
temperature  variation  of  rockets  durinq  qround  transportation. 
Therefore,  a  model  based  on  the  temperatures  characteristic  of  the 
departure  and  arrival  locations  is  used.  Hence,  the  transportation 
period  is  divided  equally  between  departure  and  arrival  locations. 
Obviously,  a  more  exact  model  would  incorporate  several  climates  that 
the  truck  or  train  will  encounter  during  the  entire  course  of  travel. 


Durinq  ground  transportation,  the  appropriate  rocket  external 
temperature  is  the  ambient  air  temperature  of  the  departure  and 
arrival  locations  but  scaled  down  because  of  some  insulation  provided 
by  the  truck  or  train  shell.  This  insulation  is  typically  less 
effective  than  an  earth-covered  storage  insulation.  Also,  when  the 
rocket  is  removed  from  storage  and  taken  to  a  truck  or  train  it  will 
be  exposed  to  ambient  temperature  (i.e.,  it  is  uninsulated).  This 
period  is  short  and  furthermore,  if  the  temperature  is  very  severe, 
the  transpoi cation  may  be  delayed  to  avoid  unreasonably  foul  weather. 


It  is  necessary  to  determine  appropriate  scaling  factors,  f^  and 
fa,  for  the  amplitudes  in  the  characterization  of  the  rocket  skin 
temperature  durinq  qround  transportation.  That  is, 


Aground  transportation  "^m  +  ^a^a  s^n  “a*"  +  fdTd  sin  “d* 


(8) 


where  Ta  and  T^  are  the  ambient  temperature  amplitudes.  A  scalinq 
factor  for  the  diurnal  cycle  is  assumed  to  be  0.63  (see  NWC  TP  1822, 
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Fig.  8).  The  seasonal  temperature  amplitude  is  not  scaled  down 
(i.e.,  f  =  1)  because  the  duration  of  the  transportation  is  qeneral- 

d 

ly  short  compared  to  seasonal  weather  changes. 


EXAMPLE  TEMPERATURE  DISTRIBUTIONS  IN  A  PROPELLANT 

As  an  example,  transient  temperature  and  stress  distributions 
were  calculated  based  on  the  Fourier  heat  equation  for  a  cylindrical- 
ly  shaped  solid  propellant.  Figure  8  shows  a  cross  section  of  a 
propellant  and  casing,  which  is  assumed  to  be  cylindrical  for  this 
example,  but  could  be  of  any  shape  in  the  qeneral  applications. 


Propellant 
Steel  Casing 


Figure  8  -  Schematic  of  a  Rocket  Motor  Cross-Section 
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The  partial  differential  equation  qoverninq  heat  conduction  in  a 

17 

solid  is  qiven  by 


1  ®T.  2 


32t  3Tj 

1  77"  r  3r 


r<a 


(air) 


1  ^2  2  ^^2  1  ^2 

(b)  YZ  w  =  v  T2  =  — 7  +  7-37  a<r<b  (propellant) 
c  ar 


(9) 


T ^  is  the  temperature  in  the  cavity  (air)  and  T2  is  the  propellant 
temperature.  k,  and  k?  are  the  thermal  di ffusi vities  of  air  and 
propellant  respectively.  7  is  the  harmonic  operator  which  is 
expressed  here  in  polar  coordinates  for  convenience,  and  t  denotes 
time. 


The  boundary  conditions  require 

Tj  (a ,t )  =  T2(a,t)  (continuity  of  (10) 

temperature) 

3T.(a,t)  3T?(a,t) 

C1  - =  C2  “Tr -  (continuity  of  (11) 

heat  flux) 

Cj  and  Cp  are  thermal  conductivities  of  air  and  propellant  respec¬ 
tively.  For  the  boundary  condition  at  b,  the  previously  described  input 
from  the  environment  (Eq.{4))  is  used. 

T 2  (b>t)  =  Tm  +  Ta  sin  uflt  +  Td  sin  U(Jt  (12) 
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The  steady  state  solution  of  the  temperature  distribution  in  the  propel¬ 
lant  is  given  by 


T2  (r  »t )  =  Tm  +  Ta  [- 


AaFa^ 


BaEa 


(r)] 


cos 


tot 

a 


*  Ta  [#aEa'r>  +  BaEa<r>]  cos  "a1 

*  Td  [-fldFd<r>  *  BdEd<r>]  s1"  “d* 


(13) 


+  Td  [AdEd(r)  +  BdFd(r>]  sin  V 

where  A  and  B  are  constants  and  E  and  F  are  functions  of  position. 

All  parameters  used  here  are  defined  in  Appendix  B. 

Note  that  to  obtain  this  solution,  the  temperature  of  the  steel 
casing  was  assumed  to  be  approximately  constant,  i.e.,  T(b,t)  =  T(c,t). 
This  assumption  that  the  temperatures  at  the  inner  and  outer  radii  of 
the  case  are  approximately  the  sane  can  be  justified  because  of  the 
relatively  larqe  conductivity  of  the  steel  case  compared  to  the  con¬ 
ductivity  of  the  propellant;  furthermore,  the  thickness  of  the  case 
is  much  smaller  than  the  radius  of  the  propellant.  The  thermal  dif- 

fusivity  of  the  steel  case  is  about  10D  times  that  of  the  propellant. 

As  the  time  increases  and  steady  conditions  prevail,  the 
response  frequency  to  the  annual  and  diurnal  inputs  will  be  the  sane 
as  the  "forcing  function"  frequencies  and  the  solution  will  be  of  the 
form 


^lonq  tine  Fn 


TaRa  sin 


(0a^at}  +  TdRd 


sin  (W)  U4) 
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where  Rg  and  Rd  are  not  functions  of  time.  0  is  a  phase  shift  that 
depends  upon  radial  location,  geometry  and  properties  of  the  propel¬ 
lant,  (Eq.(12)).  [No  matter  how  complex  the  propellant  geometry,  the 
solution  can  be  expressed  in  this  form.]  If  input  frequencies  other 
than  annual  and  diurnal  become  important,  more  similar  terms  can  be 
added  to  Eq .  ( 14 ) .  Note  that  this  relationship  is  not  applicable  to 
the  captive  fliqht  and  air  transportation  conditions  because  the  time 
is  too  short  for  steady  state  conditions  to  be  realized. 


STRESS  ANALYSIS 

Temperature  differences  below  the  stress-free  temperature  in  the 
rocket  (including  gradients  due  to  external  temperature  variations) 
and  differences  in  properties  between  propellant  and  case,  cause 
thermal  stresses  in  the  propellant. 

For  a  case-bonded  rocket  motor,  the  thermal  stresses  and  strains 
18 

have  been  developed  for  elastic  media.  The  stresses  in  the  pro¬ 
pellant  grain  (under  plane  strain  conditions)  may  be  expressed  by 


aE  !  D  r  1 

ar=p'+T^|  ^  J  rTdr-^T  /  rTdr  (15) 

0  o ** 


aEe 

°e  =  -p'  + 

[h  J 

r  i  rr  ^ 

T  r  dr  +  •—  /  T  r  dr  -  T 

(16) 

L  0 

f  o  -* 

ZvotE  [  i  f  T 

°z  -  -2vp'  "TT--VJ  b-  J  T  r  dr  (17) 

*-  o 
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(1+u)  (l-2v)  +  ( 1  -v2 c ) 

c  c 


where  a  and  a  are  the  coefficients  of  thermal  expansion,  v  and  v 

V  C 

are  Poisson's  ratios,  Eg  and  Ec  are  the  elastic  modulii  of  the 
propellant  and  the  case,  respectively,  and  hc  is  the  thickness  of  the 
motor  case. 

The  term  containinq  Eg  and  Ec  in  the  interlaminar  pressure  term, 
Eq.(18),  can  he  eliminated  because  Ec>>Ee.  A  siqnificant  portion  of 
the  thermal  stress  in  the  propellant  is  caused  by  the  difference  in 
expansion  properties  between  the  steel  case  and  the  propellant.  This 
stress  is  expressed  by  the  interlaminar  pressure  term.  The  renaininq 
terms  proportional  to  Eg  in  Eqs.  (15)  throuqh  (17)  indicate  thermal 
stresses  due  to  temperature  qradient  in  the  propellant. 

Solid  rocket  motor  propellants  are  represented  to  behave  (ideal¬ 
ly)  as  viscoelastic  media  whose  relaxation  modulus7  is  temperature 
dependent.  Therefore,  a  viscoelastic  stress  analysis  is  prefer¬ 
able.  It  has  been  shown  in  many  cases  that  a  viscoelastic  response 
will  be  approximately  equal  to  an  elastic  solution  wherein  elastic 

constants  are  replaced  by  time-dependent  creep  or  relaxation  func- 

19 

tions.  Hence,  the  elastic  stress  solution  of  a  lonq  cylinder  with 
a  case  should  be  converted  into  an  equivalent  viscoelastic  solution 
by  replacinq  the  elastic  modulus  F  with  the  viscoelastic  relaxation 

modulus.  The  relaxation  modulus  is  qiven  in  terms  of  the  reduced 

20 

time  £  which  is  computed  by  inteqratinq  the  time-temperature  shift 
factor  up  to  the  current  time. 


27 


NWC  TP  6305 


A  viscoelastic  solution  can  be  derived  from  the  above  solution 
by  replacing  the  elastic  modulus  Ee  with  the  relaxation  modulus  for 
each  stress  component.  Hence 


where  E( £)  denotes  the  relaxation  modulus;  a is  the  elastic  solution 

for  a  qiven  stress  component;  Eg  is  the  elastic  modulus  for  the 

rocket  propellant;  a  is  the  correspondi nq  viscoelastic  stress  compo- 
v  20 

nent;  and  £  is  the  reduced  time  qiven  by 


5  = 


_ dt 

a  T(T(r,t)) 


where  ay  is  the  shift  factor  which  is  a  function  of  temperature  and 
consequently  a  function  of  time.  Typical  curves  for  relaxation  modu¬ 
li  and  time  temperature  shift  factors  are  shown  in  Fiqures  9  and  10. 

Although  this  viscoelastic  approximation  is  qood  for  nonotonic 
loadinq  conditions,  when  cyclic  thermal  stresses  exist,  this  type  of 
approximation  is  not  as  accurate.  Therefore,  a  riqorous  thermovisco¬ 
elastic  solution  is  needed.  Because  of  the  lenqthy  computation 
required  during  a  Monte  Carlo  simulation  procedure,  an  elastic  stress 
analysis  which  is  faster  and  less  costly  was  used.  When  an  efficient 
and  reliable  viscoelastic  proqram  becomes  available,  the  overall 
approach  has  been  devised  so  that  it  could  be  substituted. 
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-100  -50  0  50  100  150  200 

Temperature,  T  ( 0 F ) 

Figure  10  -  Shift  Function  for  GBP  Propellant. 
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MARKOV  STATE  MODEL 

A  Markov  model  is  a  probabilistic  engineering  concept  which 
describes  a  system  subject  to  change  in  state.  Such  a  model  is  used 
as  the  principal  tool  in  combining  environmental  data  with  motor 
logistics  to  form  the  probabilistic  model  of  motor  external  environ¬ 
ment.  A  Markov  model  containing  the  essential  features  needed  to 
represent  solid  rocket  motor  temperature  environment  has  been  deve¬ 
loped  and  executed. 

Markov  models  are  a  function  of  two  random  variables,  the  state 
of  the  system  and  the  time  of  observation.  An  illustration  of  the 
state  of  the  system  for  solid  rocket  motors  is  shown  in  Figure  11. 
For  example,  the  state  could  be  either  storage  in  a  noderate  climate 
or  aboard  ship  in  an  arctic  climate.  Substates  within  the  states  are 
also  used  in  the  model.  These  substates  are  illustrated  as  environ¬ 
ments  1,  2,  3,  etc.,  in  the  desert  storage  state.  Eacii  environment 
(substate)  is  described  in  the  model  by  a  temperature  (probabilisti¬ 
cally  chosen)  versus  time  trace  (see  section  titled  "Rocket  Motor 
External  Temperature  Model").  The  basic  concept  is  that,  at  any 
given  tine,  any  particular  solid  motor  will  reside  in  one  of  the 
state  spaces. 

Any  Markov  model  is  defined  by  a  set  of  probabilities,  P^, 
which  define  the  probability  of  transition  from  state  i  to  state  j. 
For  example,  in  Figure  11,  if  shipboard/tropics*  is  labeled  as  state 
3  and  ai rcraft/tropics  is  labeled  as  state  7,  then  P37  is  the  proba¬ 
bility  that  a  motor  which  is  on-board  ship  in  the  tropics  at  time  t 


For  Sidewinder  rockets  the  shipboard  data  combine  all  climates. 
Therefore,  no  distinction  is  made  among  tropical,  arctic  or 
moderate  climate*;. 
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Figure  11  -  Schematic  of  State  Space  for  Markov  Model. 
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wi'l  be  on-board  an  aircraft  in  the  tropics  at  time  (t  +  At).  Note 
t.iat  P.^-  is  the  probability  that  the  system  will  remain  in  its  pres¬ 
ent  state.  Also  note  that,  in  this  context,  the  substates  as  defined 
above  can  be  reqarded  mathematically  as  states.  The  transition  prob¬ 
abilities  can  be  conveniently  displayed  in  matrix  form  as  shown  in 
Figure  12. 

I  P11  P12  P13  - Pln  I 


P  P  P 

21  22  23 
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Obviously,  in  a  practical  Markov  model  of  solid  rocket  motor 
environments,  many  of  the  P^'s  will  be  zero  because  it  will  be  phys¬ 
ically  impossible  to  reach  some  states  from  certain  other  states. 
Other  special  cases  are  that  in  the  expended  or  retired  states 
(denoted  as  absorbing  states),  P^  =  1,  and  P^-  =  0,  i  f  j. 

In  applying  this  Markov  model  to  solid  rocket  motors,  it  may  be 
important  to  provide  for  damage  accumulation  during  transfer  to 
another  location.  This  would  require  refinements  to  the  present 
model inq  to  add  transient  to  the  steady-state  temperature  and  stress 
solutions. 

lne  basic  model  is  qeneral  enough  to  apply  to  any  solid  rocket 
motor.  However,  the  transition  probabilities,  P^,  are  dependent 
upon  the  particular  weapons  system  and  are,  therefore,  regarded  as 
input  based  on  motor  loqi sties  data. 

Motor  failure  is  assumed  to  be  qoverned  by  linear  cumulative 
damage  as  expressed  by  Bills  and  Wiegand.1  However,  as  also  demon¬ 
strated  by  Bills  and  Wieqand,  the  cumulative  danaqe  required  to  pro¬ 
duce  propellant  failure  is  not  deterministic,  but  should  be  regarded 
as  a  random  variable. 

It  will  be  assumed  that  the  damaqe  tolerance  of  solid  motors  is 
a  random  variable  which  can  be  characterized  by  a  parameter  speh  as  P 
(see  Figure  13)  in  the  Bills  and  Wiegand  damage  equation.  The  damaqe 
accumulation  model  will  be  described  in  detail  in  the  section  titled 
"Damaae  Model." 

Tne  model  presented  above  is  particularly  adaptable  to  Monte 
Carlo  simulation,  and  this  is  the  approach  used  here.  The  Monte 
Carlo  approach  has  the  maximum  generality  that  can  be  included  in 
probabilistic  models.  The  simulation  proceeds  essentially  as 
f o 1  lows: 
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Log-Normal  Distribution  (standard  deviation  in  log  spacew.25) 


Figure  13  -  Effect  of  Number  of  Stress  Levels  on  Noimalizing 
Parameter  P 


1.  A  motor  (with  damage  tolerance  characteristics  selected 
at  random  from  a  probability  distribution  based  on  avail¬ 
able  data)  begins  in  the  curing  state,  and  the  cumulative 
damage  in  curing  is  calculated  according  to  the  Bills  and 
Wiegand  damage  model  and  recorded. 

2.  At  the  end  of  the  curing  cycle,  the  motor  passes  to  one 
of  the  other  states,  selected  randomly  in  accordance  with 
the  transition  probabilities,  P^-.  The  danaqe  while 
residing  in  the  second  state  is  calculated  and  added  to 
the  curing  damage. 
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3.  At  the  end  of  a  preselected  tine  interval,  the  notor 
pas’ses  from  the  second  state  to  a  third  state,  randomly 
selected  in  accordance  with  the  transition  probabilities 

Danaqes  in  passing  to  and  within  this  third  state 
are  calculated  and  added  to  the  previous  damage. 

4.  The  process  in  Step  3  is  repeated  until  damage  is  suffic¬ 
ient  for  motor  failure  or  until  it,  by  chance,  passes  to 
one  of  the  absorbing  states  (expended  or  retired).  When 
the  motor  fails,  its  time  to  failure  is  recorded. 

5.  Another  motor  (with  damaqe  tolerance  characteristics 
selected  at  random)  beqins  in  the  curing  state,  and  Steps 
1  through  4  are  repeated. 

6.  Step  5  is  repeated  until  a  sufficient  number  of  motors 
have  been  simulated  to  establish  a  probability  distribu¬ 
tion  of  time  to  motor  failure"; 

In  the  next  subsection,  the  Markov  model  will  be  specialized  for 
Sidewinder  rockets. 


MARKOV  MOOEL  FOR  SIDEWINDER  ROCKET  MOTOR 

The  probability  matrix  for  the  Sidewinder  rocket  notors  was 
determined  by  using  past  h  story  of  the  rocket  fleet  beginning  in 
1972.  This  information  was  furnished  by  the  Fleet  Analysis  Center 
(FLTAC)  of  the  Naval  Weapons  Station,  Seal  Beach,  Corona  Annex, 
Corona,  California.  The  FLTAC's  Sidewinder  tape  contains  information 
on  racket  locations  and  on  dates  of  arrival  and  departure  from  each 
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location,  and  it  describes  whether  there  are  captive  fliqhts  and 
their  durations.  Appendix  C  shows  the  complete  transition  matrix. 
There  are  a  total  of  68  independent  locations  plus  captive  flight  and 
transportation  Markov  states.  A  list  of  Sidewinder  locations  was 
indicated  earlier,  in  Table  1. 

Table  2  shows  a  typical  example  of  the  transition  probabilities 
from  one  of  the  states  (NWS,  Yorktown  Ord  Department)  to  the  other 
locations.  These  numbers  represent  one  of  the  Markov  matrix  rows. 
Note  that  a  rocket  that  is  located  in  Yorktown  would  have  the  hiqhest 
probability  of  movinq  to  location  9,  which  corresponds  to  USS-JFK  CV- 
67,  and  the  probability  of  this  transition  is  P  =  0.157. 

A  computer  proqram  LOGISTIC  was  developed  that  analyzed  the 
digital  logistics  data  and  produced  the  probability  matrix  for  the 
Sidewinder  rocket  fleet.  This  proqram  is  written  in  general  form  and 
can  be  used  for  other  missile  systems  as  well,  so  lonq  as  there  is  a 
recorded  history  of  past  rocket  movements.  For  new  systems,  analysts 
should  be  able  to  construct  an  approximate  matrix  from  knowledge  of 
anticioated  system  deployment. 


Table  2  -  Transition  Probabilities  from  NWS  Yorktown  to  Other  Locations 


Location 


Transition 

Probabi 1 ity 

Location 

Transition 
Probabi 1 ity 

0.0 

36 

0.0 

0.004301 

37 

0.0 

0.032258 

38 

0.002151 

0.008602 

39 

0.010753 

0.0 

40 

0.017204 

0.002151 

41 

0.002151 

0.023656 

42 

0.0 

0.0 

43 

0.002151 

0.156989 

44 

0.047312 

0.017204 

45 

0.0 

o.omwi? 

46 

0.0 

o.O 

47 

0.010753 

i. O’ 0/5  S 

18 

0.0 

37 


NWC  TP  6305 


Table  2  -  Transition  Probabilities  from  NWS  Yorktown 
to  Other  Locations  (cont'd.) 


Location 

Transition 

Probabi 1 ity 

Location 

Transition 
Probabi 1 ity 

14 

0.006452 

49 

0.015054 

15 

0.004301 

50 

0.0 

16 

0.025806 

51 

0.0 

17 

0.0 

52 

0.0 

18 

0.004301 

53 

0.0 

19 

0.004301 

54 

0.0 

20 

0.006452 

55 

0.004301 

21 

0.0 

56 

0.0 

22 

0.0 

57 

0.004301 

23 

0.0 

58 

0.0 

24 

0.010753 

59 

0.002151 

25 

0.008602 

60 

0.0 

i  26 

0.06  2366 

61 

0.0 

27 

0.0 

62 

0.0 

28 

0.101075 

63 

0.0 

29 

0.049462 

64 

0.0 

30 

0.030108 

65 

0.0 

31 

0.002151 

66 

0.0 

32 

0.017204 

67 

0.0 

33 

0.002151 

68 

0.0 

34 

0.0 

69* 

0.281720 

35 

0.0 

DAMAGE  MODEL 

In  applying  the  Markov  model  to  solid  rocket  motors,  the  damage 
due  to  thermal  stresses  is  determined  while  a  rocket  motor  resides  in 
a  particular  state,  as  well  as  when  the  motor  passes  from  one  state 
to  another.  Limited  information  exists  to  relate  these  time  variant 
stresses  and  strains  to  propellant  failure.  One  relationship  that 


*Location  69  designates  captive  flight. 
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has  shown  considerable  promise  as  a  failure  criterion  is  the  linear 
cumulative  damage  model  proposed  by  Bills  and  Wieqand.1  For  a  num¬ 
ber  of  discrete,  constantly  imposed  stresses  this  relation  is' 


n 


l 

i  =  l 


(19) 


where 

D  is  the  cumulative  damage 

P  is  the  normalizing  term  used  to  define  the  probability 
distribution  of  failures 

At.  is  the  time  the  specimen  is  exposed  to  the  ith  stress 
level 

tfi  is  the  time  to  failure  if  the  specimen  is  exposed  to 
only  the  ith  stress  level. 

The  fact  that  the  cumulative  damaqe  to  cause  failure  is  a  random 

phenomenon  is  taken  into  account  by  the  parameter  P.  A  demonstration 

of  the  form  of  the  distribution  of  P  and  the  applicability  of  the 

1 

cumulative  damaqe  equation  was  qiven  by  Bills  and  Wieqand,  as  shown 
in  Fioure  13.  Note  the  importance  of  treatinq  the  damage  to  cause 
failure  as  a  random  variable  compared  to  usinq  the  deterministic 
value  of  P  =  1.  Althouqh  each  rocket  motor  has  its  unique  critical 
damaqe  characteristic,  many  of  the  rockets  will  always  remain  togeth¬ 
er  when  travelling  from  one  Markov  state  to  the  other.  This  fact  can 
eliminate  some  of  the  computation  cost  because  fewer  than  the  total 
number  of  rockets  in  a  fleet  need  to  be  considered  in  the  Markov 
process. 
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Bills  and  Wiegand1  also  suggested  the  following  relationship 
for  determining  the  time  to  failure,  ty,  of  a  propellant  under  con¬ 
stant  stress. 


t 


f 


aTto 


( 


°to  ~  °cr\ 
at  -  acr  ' 


(20) 


where 

tf  is  the  mean  tine-to-fai  lure  of  the  specimen  when  held 
under  a  constant  "true"  stress,  o 
is  the  "true"  stress  applied  to  the  specimen 

tQ  is  the  unit  value  of  the  time  for  whatever  units  are  used 
in  measuring  tf 

oto  is  the  true  stress  required  to  fail  the  specimen  in  the 
time  t0 

ocr  is  the  critical  true  stress,  below  which  no  failures  are 
observed 

a-j-  is  the  time-temperature  shift  factor 

B  is  a  constant 

A  typical  curve  illustrating  this  relationship  from  Bischel  and 
Wiegand21  is  shown  in  Figure  14.*  When  Eqs.  (19)  and  (20)  are  com¬ 
bined,  and  ay  and  vary  continuously  with  time  and  temperature,  the 
cumulative  damage  is  given  by 


*  An  exponent,  B,  of  9.3  (derived  from  N-29  propellant)  was  used 
tor  Sidewinder  rockets. 
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Figure  14  -  Maximum  Principal  Failure  Stress  Curve 
for  Typical  Propellant 

The  stress  applied  to  a  point  in  the  propellant  of  a  motor  and 
the  temperature  at  the  sane  point  are  largely  functions  of  the  exter¬ 
nal  temperature  *luctuations  (environment)  applied  to  the  motor. 
Both  the  stress  and  temperature  are  important,  since  the  factor  ay  is 
stronqly  dependent  on  the  temperature.  Fiqure  15  from  Cost  and 
Hanen'  illustrates  a  typical  environmental  temperature  history  for  a 


L  n  v  i  romiientd  1  Tempera  t  uip 


one-year  period.  In  addition  to  these  seasonal  fluctuations,  the 
diurnal  cycle  may  also  be  important.  The  attenuation  and  delay  of 
the  temperature  response  at  several  locations  r  in  a  typical  motor 
propellant  from  Heller3  is  shown  in  Figure  16.  Typical  stresses  in 

two  propellant  locations  due  to  diurnal  temperature  cycling  are 

3 

illustrated  in  Figure  17,  also  from  Heller. 


Figure  15  -  Environmental  Temperature  History  for  One  Year 
at  Huntsville,  Alabama 

From  the  foregoing  descriptions  of  the  propellant  behavior, 
cumulative  damage,  environmental  fluctuations,  and  response  of  the 
propellant,  it  is  evident  that  an  adequate  description  of  the  envi¬ 
ronment  is  an  essential  step  in  predicting  motor  service  life.  Since 
the  environment  itself  and  the  traverse  of  a  fleet  of  motors  through 
the  environment  are  random  in  nature,  it  is  mandatory  that  the  prob¬ 
lem  be  treated  probabilistically. 


i  ['  jijjmun.j  t  am  ] 
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Figure  16  -  Attenuation  and  Delay  of  Temperature  Cycle. 
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In  the  following  section,  examples  will  he  used  to  demonstrate 
the  probability  distribution  of  time  to  motor  failure  for  Sidewinder 
rocket  motors. 


NUMERICAL  EXAMPLES 

Several  numerical  examples  are  given  here  which  demonstrate  the 
probabi listic  damage  calculations.  A  sensitivity  analysis  of  parame¬ 
ters  used  in  the  damage  calculation  was  completed  to  provide  guidance 
on  the  relative  importance  of  those  parameters.  Finally,  the  model 
is  demonstrated  for  Sidewinder  rockets.  The  techniques  used  here  can 
be  easily  generalized  to  other  rocket  systems. 


PARAMETRIC  SENSITIVITY  ANALYSES 


The  cumulative  damage  formula  described  earlier  in  the  section 
entitled  "Damaqe  Model"  (becomes,  in  the  deterministic  case,  P  =  1, 
/nth  consistent  units): 


•t  (o  -  ocr)  dt 


0  aT<°to  '  acr> 


uses  several  parameters  (8,  a^0,  oCp,  ay)  which  depend  on  the  mate¬ 
rial  properties  of  the  propellant.  Por  Sidewinders,  B  was  measured 
to  be  9.3  (usinq  uniaxial  data)  as  an  average  value.  Small  varia¬ 
tions  in  stresses  o,  atQ,  ocr  can  cause  large  changes  in  the  inte- 
qrand  and  hence  the  value  of  the  danaqe.  Physically,  a  large  expo¬ 
nent  in  the  damage  formula  implies  a  greater  influence  on  damage  for 
larger  applied  stresses  a.  Por  example,  a  100  psi  stress  applied  for 
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1 


one  hour  is  far  more  damaging  than  10  psi  stress  applied  for  ten 
hours  (because  of  the  large  exponent).  Therefore,  the  influence  (on 
damage)  of  the  stress  concentration  factor,  Kt  (a  multiplying  factor 
on  round  bore  analyzed  stress  to  obtain  real  stress)  at  qeometric 
discontinuities  in  the  propellant  can  be  quite  significant. 

As  expected,  the  results  shown  in  Figures  13  throuqh  20  indicate 
that  damage  is  very  sensitive  with  respect  to  chanqes  in  the  stress 
parameters.  A  small  chanqe  in  one  of  these  parameters 
a  ,  or  Kj.  causes  an  exponentially  large  difference  in  the  value 
of  the  damage. 


Figure  18  -  Damage  vs.  Critical  Stress  Below  Which  V,  Damage  Occurs 
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[BASIS:  100  HOURS  CAPTIVE  FLIGHT) 


-50 


Figure  19  -  Damage  vs.  Stress  Required  to  Fail  Specimen 
in  One  Minute 


The  cumulative  damage  for  100  hours  of  simulated  captive  fliqht 
was  evaluated  by  varying  o^0»  °cr  and  the  stress  concentration  factor 
Kt  which  is  applied  to  the  thermal  stress  solution  of  a  long  cylin¬ 
drical  geometry  with  a  cylindrical  bore  (i.e.,  plane-strain,  axisyn- 
metric,  see  Figure  8)  to  obtain  the  maximum  stress. 


log  Damage 
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The  geometry  and  properties  of  the  rocket  motor  were  assumed  to 


Case  outer  radius 

2.5  inches 

Case  thickness 

0.068  inch 

Radius  of  bore 

0.9  inch 

Thermal  diffusivity  of  propellant 

1.1  in2/hr 

Poisson's  ratio  of  propellant 

0.499 

Poisson's  ratio  of  case 

0.25 

Coefficient  of  thermal  expansion 

case 

propel lant 

6.0xl0"j?/°F 
5.4x10"  /°F 

Younq's  Modulus 

case 

Propellant 

30x10^  psi 
300  psi 

B 

| 

9.3  (using 

Bills' 

1 

nomenclature)1 

For  captive  fliqht: 

Outer  temperature  of  rocket  JTmean  30°F 

(assumed  to  he  a  Gaussian  distribution)  (Standard  deviation  10°F 


Tine-temperature  shift  factor  table: 


1L 

Log  a-j- 

-60 

5.59 

-40 

4.46 

-?n 

3.47 

0 

2.59 

> 

1.81 

4  1 

1.11 

60 

0.48 

•jo 

-0.08 

loo 

-0.59 

1  70 

-1.06 

140 

-1.48 
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An  example  of  a  hypothetical  batch  of  500  rockets  was  analyzed  to 
probabilistically  predict  the  time  to  failure  of  rockets  in  the 
batch.  The  properties  of  the  rockets,  the  dimensions,  temperature 
data  and  motor  logistics  (i.e.,  probability  Markov  matrix  )  used 
in  the  computer  simulation  were  realistic  assumed  quantities.  For 
example,  normal  distributions  for  annual  and  diurnal  temperature 
amplitudes  were  assumed. 

A  computer  proqram  was  developed,  implementing  the  techniques 
discussed  in  earlier  sections,  to  predict  (probabilistically)  the 
time  to  failure  of  rocket  motors  in  a  given  batch.  The  procedure 
used  in  the  computer  simulation  was  discussed  briefly  in  the  section 
on  Markov  state  models.  Each  rocket  in  the  batch  is  allowed  to  move 
from  one  state  to  another  according  to  the  probability  transition 
matrix  P^j,  and  during  this  process  the  damage  is  accumulated  for 
that  particular  rocket.  When  the  total  damage  for  a  rocket  exceeds 
its  tolerance  (i.e.,  the  random  value  of  P) ,  the  next  rocket  is  con¬ 
sidered.  This  procedure  is  repeated  until  all  rockets  are  analyzed, 
recording  their  time  to  failure.  Seven  different  environments  are 
considered  with  their  corresponding  thermal  environment.  These 
states  are  typical  of  (1)  curing  state,  (2)  moderate  storage,  (3) 
arctic  storaqe,  (4)  snipboard  moderate,  (5)  truck  moderate,  (6)  train 
moderate,  and  (7)  aircraft.  Many  rockets  (shipment  lots)  experience 
the  same  environment  when  travelling  from  one  Markov  to  another. 
Therefore,  it  is  not  necessary  to  analyze  all  500  rockets  separate¬ 
ly.  Instead,  it  is  assumed  that  there  will  be  25  distinct  complete 
travel  paths;  i.e.,  rockets  will  travel  in  groups  of  20,  and  every 
rocket  in  a  qiven  croup  will  be  subjected  to  the  same  environment. 
However,  each  rocket  within  a  group  will  have  its  own  character! stic 
critical  damage  value  determined  probabi 1 i sti ca 11 y . 

Each  group  of  rockets  (consist  inq  of  20  rockets  per  group  in 
this  example)  was  allowed  to  travel  for  ten  years,  and  the  damaoe  was 
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accumuTated  for  this  period.  Consequently,  a  relation  between  damaqe 
and  tine  was  established  for  every  group  of  rockets  for  the  period  of 
ten  years.  Then,  a  critical  damaqe  value  P  (see  Fiqure  13)  was  ran¬ 
domly  selected  for  every  rocket  in  a  group,  and  from  the  damage  ver¬ 
sus  tine  relation  the  failure  time  was  predicted.  Whenever  the  ran¬ 
domly  chosen  critical  damage  (damage  capability)  exceeded  the  maximum 
damage  accumulated  at  ten  years,  failure  time  was  determined  by 
extrapolatinq  the  damage  versus  time  curve.  The  purpose  of  analyzing 
each  rocket  up  to  only  a  limited  number  of  yea rz  (ten  years  in  this 
case)  ’s  to  reduce  the  computational  expense,  because  some  rockets 
may  probabilistically  have  very  larqe  critical  damaqe  values  and 
hence  will  require  an  unusually  long  time  to  reach  failure.  In  some 
cases,  failure  time  could  exceed  100  years.  Such  approximations  are 
acceptable  since  the  emphasis  of  the  analysis  is  to  predict  early 
failures  rather  than  those  few  cases  where  failure  time  is  very  lonq. 

A  sensitivity  study  was  done  to  provide  guidance  on  the  relative 
importance  of  various  temperature  parameters  affectinq  rocket  motor 
life.  Each  (Markov)  state  in  the  environmental  model  is  character¬ 
ized  ry  various  temperature  parameters  such  as  the  mean  annual  ten- 
perature,  the  seasonal  temperature  amplitude  and  standard  deviations 
of  amplitudes.  Each  parameter  may  have  different  effects  on  the 
rocket  failure  times.  For  example,  increasing  the  standard  devia¬ 
tions  of  temperature  amplitudes  in  every  state  by  20%  could  cause 
more  damage  per  unit  tine  than  increasing  all  mean  annual  tempera¬ 
tures  -'y  the  same  amount.  The  influence  of  each  temperature  parame¬ 
ter  was  analyzed  by  varyinq  the  basic  data.  Results  are  summarized 
in  Fiojre  21,  which  shows  the  percentage  of  total  rockets  failed  as  a 
function  of  time. 

"re  results  shown  in  Fiqure  21  indicate  that  an  increase  in  the 
ampli'r.de  of  the  temperature  cycle  increases  the  failure  rate  or, 
equi va ' ent 1y ,  shortens  the  rocket  life.  Increasing  the  standard 
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1  -  Standard  data 

2  -  Increase  mean  annual  temp¬ 

eratures  by  20% 

3  -  Increase  annual  temperature 

amplitudes  by  50% 


4  -  Increase  diurnal  and  annual 

temperature  amplitudes 
by  50% 

5  -  Increase  standard  deviation 

of  temperature  cycles 
by  20% 


Figure  21  -  Percentage  of  Rockets  (Hypothetical  Geometry)  Failed 
As  a  Function  of  Time 
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deviations  of  temperature  cycles  was  more  damaging  to  the  rockets 
than  a  similar  (percentage)  increase  in  the  deterministic  temperature 
amplitudes.  A  Gaussian  distribution  was  assumed  for  the  temperature 
amplitudes. 

The  most  expensive  part  of  such  a  computation  is  the  thermal 
stress  analysis.  For  example,  to  analyze  25  rockets  for  10  years 
would  cost  approximately  $100  on  the  Stanford  University  IBM  3033 
computer.  As  a  means  of  reducing  the  cost  of  computation,  the  damaqe 
per  unit  time  for  each  location  was  established  separately  and  com¬ 
puted  only  once,  and  in  the  Markov  simulation  this  damaqe/time  was 
entered  as  data  rather  than  computed  for  each  hour.  Hence,  for  each 
different  location  (storage,  captive  fliqht,  etc.),  the  damaqe  for  a 
specified  period  is  computed  by  describing  the  probabilistic  external 
temperature  model  representative  for  each  location.*  In  the  next 
subsection,  this  will  be  demonstrated  for  Sidewinder  rockets. 


EXAMPLE  OF  SIDEWINDER  ROCKETS 
Damage  in  Storage  Locations 

The  damaqe  per  unit  time  was  computed  for  each  different  Markov 
state.  A  computer  program  called  STORAGE  was  developed  to  estimate 
(probabilistically)  the  damage  per  unit  time  for  each  different  sto¬ 
rage  location.  The  proqram  uses  the  random  external  temperature 
(T  =  +  f^T^  sin  u  t  +  f^T^  sin  u^t)  model  described  in  detail  in 

the  section  titled  "Sidewinder  Storage  Location  External  Tempera- 


A  more  rinorous  stochastic  method  would  use  a  distribution  of 
damage  per  unit  time  for  each  location  rather  than  a 
de*emi  ni  Stic  value. 
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ture."  The  closed  form  thermal  stress  solution  described  in  the  sec¬ 
tion  entitled  "Example  Temperature  Distributions  in  a  Propellant"  is 
used  to  compute  maximum  hoop  stress  at  the  rocket  bore.  The  ampli¬ 
tudes  Td  and  Ta  are  randomly  selected  once  every  24  hours  for  Trf  and 
once  every  30  days  for  Ta.  Stresses  are  calculated,  at  hourly  inter¬ 
vals,  based  on  the  random  values  of  the  amplitudes.  Subsequently, 
the  damage  is  computed  using  the  cumulative  damaqe  formula.  The 
total  damage  was  calculated  for  each  storaqe  location  for  a  ten  year 
period.  The  geometry  and  materials  properties  of  the  Sidewinder  were 
assumed  (for  this  analysis)  to  be: 


Outside  radius  2.5  inches 

Case  thickness  0.06  inch 

Radius  of  bore  0.9  inch 

Thermal  diffusivitv  of  propellant  1.1  in2/hr 

Poisson's  ratio  of  propellant  0.499 

Poisson's  ratio  of  case  0.3 


Coefficient  of  thermal  expansion 
Young's  modulus 


case  6.0xl0~c/°F 

propellant  5.4xlO_t)/0F 

case  30x10^  psi 

propel  1  ant  450  psi 


B  (using  Bills'  nomenclature)  9.3 

°to 


160  psi 
8  psi 
2 


The  time  temperature  shift  factors  are  shown  on  page  49. 

The  resulting  damage  (for  ten  years)  is  shown  in  Table  3  for 
each  location.  Most  of  Navy's  storage  locations  are  in  fairly  mild 
climates;  hence,  the  damage  is  relatively  low.  Generally,  colder 
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Table  3  -  Relative  Damaqe 


1. 

Fall  brook,  CA 

DAMAGE 

= 

0.40651D-09 

2. 

Roosevelt  Roads,  PR 

DAMAGE 

= 

0.0* 

3. 

Key  West,  FL 

DAMAGE 

= 

0.0 

4. 

Rota,  Spain 

DAMAGE 

= 

0.53422D-09 

5. 

Norfolk  Req.  VA 

DAMAGE 

= 

0.29005D-06 

6. 

Cherry  Point,  NC 

DAMAGE 

= 

0.21729D-07 

7. 

Oceana,  VA 

DAMAGE 

= 

0. 18543D-06 

8. 

Kaneohe  Bay,  HI 

DAMAGE 

= 

0.0 

9. 

Seal  Beach,  CA 

DAMAGE 

= 

0.45947D-09 

10. 

Guam/Aqana 

DAMAGE 

= 

0.0 

11. 

Iwakuni,  Japan 

DAMAGE 

= 

0. 11127D-06 

12. 

Las  Veqas  Nellis,  NV 

DAMAGE 

= 

0.17629D-06 

13. 

Dallas,  TX 

DAMAGE 

= 

0.30505D-07 

14. 

Yuma,  AZ 

DAMAGE 

= 

0.43977D-09 

15. 

Sigonella,  Sicily 

DAMAGE 

= 

0. 17995D-07 

16. 

Beaufort,  SC 

DAMAGE 

= 

0.38339D-08 

17. 

Okinawa  Is/Naha 

DAMAGE 

= 

0. 16054D-16 

18. 

El  Toro,  CA 

DAMAGE 

= 

0.66235D-09 

19. 

Miramar,  CA 

DAMAGE 

= 

0.47866D-09 

20. 

Yorktown,  VA 

DAMAGE 

= 

0.20989D-06 

21. 

Point  Mugu,  CA 

DAMAGE 

= 

0.26757D-09 

22. 

Kadena/Okinawa 

DAMAGE 

= 

0.54705D-16 

23. 

Da  Nanq,  Vietnam 

DAMAGE 

= 

0.0 

24. 

Nam  Phonq,  Thailand 

DAMAGE 

= 

0.0 

25. 

Concord,  CA 

DAMAGE 

= 

0.29840D-07 

26. 

Tokyo/Atsuqi ,  Japan 

DAMAGE 

= 

0.33713D-06 

*0.0  indicates  a  very  small  number,  not  "zero. 
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climates  would  cause  more  damage  due  to  temperature  alone.  In 
Sidewinder's  case  the  most  damaging  location  was  located  in 
Tokyo/Japan;  but,  even  there,  the  damage  seems  to  be  minimal.  Most 
storaqe  locations  are  well  insulated  (see  Fiqures  22  and  23);  there¬ 
fore  the  rocket  (skin)  external  temperature  will  be  milder  than  the 
ambient  temperature.  This  is  considered  by  using  a  scalinq  factor 
for  the  amplitudes.  In  this  case,  ffl  was  chosen  to  be  0.667;  and  f^ 
=  0.4. 


■ 


V  , 
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Figure  23  -  Magazine  10FT3,  Typical  of  AT,  BT,  BTX,  FT,  HT,  and  WT 
Magazines  at  the  Naval  Ammunition  Depot,  Oahu,  Hawaii 


There  nay  he  locations  in  the  Sidewinder  motor  where  the  com¬ 
bined  overall  stress  and  stress  concentration  factor  Kt  result  in 
hiqher  local  stresses  than  those  obtained  from  bore  stresses  with 
Kj.  =  2.  In  such  locations,  the  danaqe  miqht  be  dramatical  lv 

increased  (see  Figure  20). 
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Damage  During  Captive  Flight 

Unlike  storage  environment,  captive  flight  can  be  very  severe 
for  Sidewinders.  The  rocket  is  generally  exposed  to  ambient  tempera¬ 
tures,  and  during  high  altitude  flights,  temperatures  can  be  very 
low;  and,  hence,  cause  large  damage.  Fortunately,  most  flights  are 
flown  at  low  to  medium  altitude  (below  25,000  ft)  where  the  tempera¬ 
tures  are  generally  above  30°F.  In  the  few  instances  of  slow  speed, 
45,000  ft  altitude  flight,  the  case  temperatures  can  be  lower  than 
-40°F. 


A  computer  program  called  CAPTIVE  FLIGHT  was  written  to  calcu¬ 
late  the  damage  during  captive  flight.  The  program  assumes  a  Gaus¬ 
sian  form  of  external  temperature  distribution.  The  mean  and  the 
standard  deviations  are  input  as  data.  A  constant  temperature  is 
maintained  during  each  flight,  but  the  temperature  is  randomly  se¬ 
lected  for  each  flight  from  the  specified  normal  temperature  distri¬ 
bution.  All  captive  flights  regardless  of  their  origin  are  assumed 
to  be  subjected  to  the  same  external  temperature  distributions.  That 
is,  the  distribution  is  assumed  to  be  representative  of  all  captive 
flights.*  The  revised  input  parameters  (changes  to  the  data  above) 
are: 


For  Captive  FI i ght: 

Outer  Temperature  of  Rocket 
(assuming  a  Gaussian 
distribution) 


(Tmean  =30°F 

(One  standard  deviation  a  =20°F 


Young's  Modulus 


=  800  psi 


* 


Gat 


hering  more  data 


is  recommended. 
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The  damage  was  computed  for  1000  hours  (applied  in  two-hour  blocks, 
since  average  flight  is  two  hours  in  duration,  each  with  randomly 
selected  T)  to  be: 


emulative  damage  durinq 
1100  hours  of  captive  flight 


0.150  x  10‘2 


Note  tnat  captive  flight  is  far  more  damaging  than  storage  (compare 
to  ma>inun  storane  damage  of  0.337x10"^  in  ten  years).  In  spite  of 
the  relatively  little  time  spent  in  caotive  fliqht  as  opposed  to 
storare,  the  captive  fliqht  resulted  in  more  damage.  Specifically, 
the  FLTAC  data  shows  that  on  the  averaqe,  a  rocket  spends  0.0272%  of 
its  l’fe  (23.8  hours  in  10  years)  in  captive  flight.  In  spite  of 
this  '■elatively  short  portion  of  life  that  is  spent  in  captive 
fliqht,  (on  the  averaqe)  captive  fliqht  is  responsible  for  106  times 
more  Janage  than  storage  entirely  in  the  most  severe  storage  loca¬ 
tion,  i .  e . : 


.150  x  10'  365  x  24  x  10  ~  7,  in-4  me 

- x  - — e—  x  2.72  x  10  =  106 


0.337  x  10 


capt" .“-fliqht 
damace  per  hour 


x  (  (faman.j  per  hour 
'  storage 


captive  hours 
storage  hours 


captive  fliqht 
damage 

storage  damage 


Sidewinder  Damage  Durinq  Ship  Carry/Stowage 

"me  temperature  model  described  in  the  section,  "External  Tempera¬ 
ture  ‘or  Ship  Transport,"  (T^.  =  T(,|  +  Tfl  sin  ,gt  +  T^  sin  jt),  was 
used  in  a  program  similar  to  STORAGE  to  compute  the  danane  per  unit 
time.  The  distribution  for  the  •  :M-tjl  amplitude  Trf  is  shown  in 
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Figure  5.  The  mean  temperature  Tm  equals  74°F  and  a  deterministic 
value  of  4°F  was  used  for  the  seasonal  temperature  amplitude.  The 
damage  was  computed  to  be  0.115  x  10"*®  in  two  years.  This  is  rela¬ 
tively  a  very  small  amount  of  damage. 


Sidewinder  Damage  During  Ground  Transportation 

During  ground  transportation  (train  or  truck),  the  rockets  are 
exposed  more  directly  to  the  ambient  temperature;  therefore  the  insu¬ 
lation  provided  is  minimal.  This  implies  that  the  scale  factors  f, 

and  fH  used  in  the  equation  T  =  T  +  f  T  sin  w  t  +  f ,T,  sin  u.t  are 
d  naaaddd 

close  to  unity.  In  this  analysis  ffl  and  fd  were  taken  to  be  unity, 

and  a  damage  at  each  storage  location  area  was  computed.  The  damage 

that  occurs  when  a  rocket  moves  from  location  A  to  location  B  which 

required  T  hours  of  transportation  is  estimated  by  using  the  sum  of 
0  T 

the  damage  that  occurs  in  ~  hours  at  location  A,  plus  the  damage 

T 

that  occurs  at  location  B  for  the  same  period  -y  •  The  relevant  tem¬ 
peratures  are  those  of  the  arrival  and  departure  locations  and  the 
time  is  divided  equally. 

The  damage  per  unit  time  at  each  storage  area  (usinq  f  =  fd  = 
1)  is  listed  in  Table  4.  Appendix  D  lists  all  possible  transporta¬ 
tion  between  locations  and  distances  between  these  locations.  The 
duration  of  the  transportation  then  is  simply  the  distance  divided  by 
the  speed  of  transportation. 
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Table  4.  Cumulative  Damage  in  Five*  Years  (ffl  -  =  1) 


1. 

Fallbrook,  CA 

DAMAGE 

= 

0. 50457D-08 

2. 

Roosevelt  Roads,  PR 

DAMAGE 

= 

0.0 

3. 

Key  West,  FL 

DAMAGE 

= 

0. 10093D- 1 5 

4. 

Rota,  Spain 

DAMAGE 

= 

0.47872D-08 

5. 

Norfolk  Reg.  ,  VA 

DAMAGE 

= 

0. 10161D-04 

6. 

Cherry  Point,  NC 

DAMAGE 

= 

0.37204D-05 

7. 

Oceana,  VA 

DAMAGE 

= 

0. 648620-05 

8. 

Kaneohe  Ray,  HI 

DAMAGE 

= 

0.0 

9. 

Seal  Beach,  CA 

DAMAGE 

= 

0.42584D-08 

in. 

Guam/Agana 

DAMAGE 

= 

0.0 

11. 

Iwakuni ,  Japan 

DAMAGE 

= 

0. 44686D-05 

12. 

Las  Veqas  Nellis,  NV 

DAMAGE 

= 

0.35502D-04 

13. 

Dallas,  TX 

DAMAGE 

= 

0. 72915D-05 

14. 

Yuma,  AZ 

DAMAGE 

= 

0. 219930-05 

15. 

Siqonella,  Sicily 

DAMAGE 

= 

0.29079D-05 

16. 

Beaufort,  SC 

DAMAGE 

= 

0.24641D-D5 

17. 

Okinawa  Is. /Naha 

DAMAGE 

= 

0.35618D-10 

18. 

El  Toro,  CA 

DAMAGE 

= 

0.46481D-06 

19. 

Miramar,  CA 

DAMAGE 

= 

0.25572D-06 

20. 

Yorktown,  VA 

DAMAGE 

= 

0.98086D-05 

21. 

Point  Mugu,  CA 

DAMAGE 

= 

0. 14555D-06 

22. 

Kadena/Ok i nawa 

DAMAGE 

= 

0.53948D-09 

23. 

Da  Nanq,  Vietnam 

DAMAGE 

= 

0.46830D-12 

24. 

Nam  Phong,  Thailand 

DAMAGE 

= 

0. 447260-19 

25. 

Concord,  CA 

DAMAGE 

= 

0.58973D-05 

26. 

Tokyo/Atsugi ,  Jaoan 

DAMAGE 

= 

0.14412D-04 

♦Note  this  relatively  short  time  compared  to  actual  experience. 
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Sidewinder  Da wage  During  Air  Transportation 

During  air  transportation  the  temperatures  are  fairly  mild. 
Assuming  a  mean  temperature  of  60°F  and  a  standard  deviation  of  12°F, 
the  damage  was  computed  to  be  0.885  x  10"  ^  in  1000  hours. 

CAPTIVE  FLIGHT  computer  code  was  used  to  determine  the  air 
transportation  damage.  This  damage  is  170  times  smaller  than  captive 
flight  damaqe. 

MARKOV  SIMULATION  OF  SIDEWINDER  ROCKETS 

The  values  of  damage  per  unit  time  from  each  specific  type  of 
location  (e.g.,  captive  flight,  storage,  ship  carry)  computed  earlier 
were  used  as  input  in  a  program  called  MARKOV  to  determine  probabi¬ 
listically  the  damaqe  that  occurs  in  a  rocket  fleet.  An  example  of  a 
fleet  with  1000  rockets  was  analyzed.  MARKOV  uses  as  input  the  pro¬ 
bability  transition  (MARKOV)  matrix  of  the  rocket  in  consideration. 
In  this  example,  the  Sidewinder  transition  matrix  derived  from  FLTAC 
data  was  used.  The  characteristic  "damages  per  unit  time"  are  next 
read  as  data  input.  The  program  then  simulates  the  rocket  history 
and  the  damaqe  accumulation.  For  Sidewinder  rockets,  as  expected, 

those  rockets  that  were  extensively  used  in  captive  fliqht  experi¬ 
enced  the  most  severe  damage  (Tables  5  and  6  show  the  result  of  the 
MARKOV  computer  run).  Magnitudes  of  damaqe,  however,  seem  low.  The 

maximum  damaqe  was  computed  to  be  1.182  x  10”^  after  10  years  of 

simulated  rocket  use.  Fiqure  24  shows  the  cumulative  density  func¬ 
tion  of  damage  distribution,  and  Figure  25  shows  the  percentage  of 

rockets  with  extreme  damage.  Because  of  the  tremendous  sensitivity 
of  the  damage  value  to  the  characteristic  input  parameters  (see  sec¬ 
tion  titled  "Parametric  Sensitivity  Analyses"),  the  values  of  damaqe 

should  be  interpreted  in  a  relative  sense,  and  a  calibration  of  the 

1 

damage  formula  as  was  discussed  by  Bills  may  be  necessary.  Cyclic 
thermal  loading  experiments  of  propellants  will  be  of  great  utility. 
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Table  5  -  Sidewinder  Rocket  Damage. 


IR  = 

1 

DM5= 

0 . 1 90 1 76-04 

TII1E  = 

<*3502. 

UlOC: 

5 

NCAP- 

7 

JR: 

2 

DM5  = 

0 . 1 3745E-04 

TIME  = 

9*49:6. 

NIOC  = 

5 

NCAP= 

5 

IP- 

3 

DM3- 

0 . 235 1 °E -05 

TIME: 

1  06167. 

NLOC  = 

5 

NCAP: 

1 

IR  = 

4 

DM3  - 

0 . 544 176- 04 

TIME: 

96731 . 

iaoc: 

6 

NCAP  = 

20 

IR  = 

5 

DM3  = 

0 . hS927E -05 

TIME: 

10*421  . 

N10C  = 

7 

NCAP= 

1 

IR: 

6 

DMG  = 

0.55920E -05 

TIME: 

91935. 

NLOC  = 

4 

NCAP: 

2 

IR  = 

7 

DM  3  = 

0.84219E-04 

TIME: 

1 06796 . 

NIOC: 

3 

NCAP: 

31 

IP  = 

8 

DMG  = 

0.70S05E-04 

TIME: 

t I0C49. 

NLOC: 

5 

NCAP- 

26 

IR  = 

9 

Dr.  3= 

0  .  1631 3E-04 

TIME  = 

10C513. 

NLOC: 

6 

NCAP  = 

6 

IR  = 

10 

DNG  = 

0 . 24 533E  -04 

TIME  = 

106352. 

NLOC  = 

4 

hcap= 

9 

IR  = 

1  1 

DM3  = 

0.62557E-04 

TIME  = 

10C9S6. 

NLOC: 

5 

NCAP: 

23 

IR  = 

12 

DMG  = 

0.135S4E-04 

TIME  = 

1 36CS1 . 

NLOC  = 

3 

liCAP  = 

5 

IR  = 

1  3 

d:*.3= 

0.57077E-04 

TIME  = 

96119. 

NLOC  = 

7 

NC  AP: 

21 

IR  = 

19 

0M3= 

0  .  16457E-06 

TIME: 

9^C36. 

NLOC: 

6 

NCA  P  = 

0 

IR  = 

IS 

DM3  = 

0. 75440E-05 

TIME: 

120596. 

NLOC: 

5 

NCAP: 

2 

IR  = 

16 

Dr.3  = 

0.23762E-04 

TIME: 

*51 16. 

NLOC  = 

4 

NCAP: 

8 

IR: 

1  7 

DM3- 

0 . 22325E -05 

TIME: 

1 03S°S. 

(ILOC: 

5 

MCAP  = 

3 

IR  = 

18 

DM3= 

0.24535E-04 

TIME  = 

92533. 

NLOC: 

5 

NCAP: 

9 

IR  = 

19 

Dr.3= 

0.27992E-05 

TIME: 

1  1 7600. 

ULOC: 

3 

NCAP: 

1 

IR  = 

20 

0NG  = 

0.0 

TIME  = 

90:40. 

NLOC: 

2 

NCAP: 

0 

IR  = 

21 

DMG= 

0.11 c62E-03 

TIME: 

150732. 

NLOC: 

2 

NCAP= 

44 

IR  = 

22 

DM3  = 

0 . 56602E-05 

TIM£  = 

120505. 

NLOC: 

5 

NCAP: 

2 

IP  = 

23 

or.  3= 

0.  1540SE-03 

TIME: 

107379. 

NLOC  = 

5 

NCAP  = 

56 

IR: 

24 

DNG  = 

0.  1  I81SE-02 

TIME: 

151439. 

NLOC: 

2 

NCAP  = 

435 

IR  = 

25 

DM3  = 

0.81 5S4E -04 

TIME  = 

1 4  3364 . 

NLOC: 

5 

NCAP: 

30 

IP  = 

26 

DNG= 

0. I2S55E-04 

TIME: 

114516. 

NLOC  = 

5 

NCAP: 

4 

IR  = 

27 

DMG  = 

0 . 24-.S  1  E  -04 

TIME: 

92564. 

NLOC  = 

4 

f»C  Ap: 

9 

IR: 

28 

or.3= 

0.61 160E-08 

TIME: 

104047. 

NLCC: 

4 

NCAP: 

0 

IR  = 

29 

Df'3  = 

0 . 1 1 0  3 1  E-04 

TIME: 

95C63. 

NLOC  = 

4 

N’CAP- 

4 

IR: 

30 

Df‘G  = 

0.E3970E-O5 

TIME: 

117345. 

NLOC: 

5 

NCAP  = 

3 

IP  = 

31 

DM3  = 

0 . 55cfOE -05 

TIME: 

6C3 1 0 . 

NLOC: 

4 

NCAP  = 

2 

IR  = 

32 

ors  = 

0.87018E-04 

TIME: 

Q2  793 . 

1ILOC  = 

5 

?,CAP  = 

32 

IK  = 

33 

Dr.G- 

0 . 6  7t  55C -  1  0 

TIME: 

1  0  2  c  4  7 . 

NLOC: 

2 

NCAP: 

0 

IR  = 

34 

DMG  = 

o 

cn 

*j* 

m 

o 

04 

TIME: 

129137. 

NLOC  = 

k 

NCAP  = 

50 

IR: 

35 

DM35 

0.43637E-04 

TIME  = 

109030. 

NLOC: 

5 

NCAP  = 

16 

IR: 

36 

ore: 

0. I5447E-04 

TIME: 

101 754. 

NLOC: 

5 

NCAP  = 

5 

IR: 

37 

Dr*G= 

0.E2327E-05 

TIME: 

Q2907. 

NLOC: 

5 

NC  AP= 

3 

JO: 

33 

DMG  5 

0. 1 35o:E-03 

TIME: 

94797. 

NIOC: 

5 

NCAP: 

50 

IR: 

39 

OMG- 

0.27250E-04 

TIME: 

117617. 

NLOC: 

3 

NCAP  = 

10 

IR  = 

40 

DM3  = 

0 . 73353E-04 

TIME: 

1 33966. 

NLOC  = 

7 

NCAP  = 

27 

IR: 

41 

Dr.3= 

0 . 1 3740E-04 

TIME  = 

91524. 

NLOC: 

5 

NC  Ap: 

5 

IR: 

42 

cr:3  = 

0 . 2 1828E-04 

TIME  = 

104733. 

NLCC: 

5 

?;cap= 

8 

IR  = 

43 

0MG  = 

0.6 5 366 E-04 

TIME: 

1 1010? . 

NLOC: 

5 

NCAP: 

24 

IR: 

44 

d;ig= 

0. 1 6445E-04 

TIME: 

1 1 3796. 

NLOC  = 

4 

NCAP  = 

6 

IP: 

45 

DM3  = 

0 . 27332E-04 

TIME: 

103949. 

NLOC: 

4 

NCAP:  ‘ 

10 

IR  = 

46 

DM3= 

0.62252E-07 

TIME: 

95759. 

NLOC: 

Z 

NCAP  = 

0 

!R  = 

47 

Dt;G= 

0 .2831 2E-05 

TIME: 

94744 . 

NLCC  = 

4 

NCAP  = 

1 

IR: 

43 

DNG  = 

0 . 62252E-07 

TIME: 

67671 . 

NLOC: 

3 

NCAP= 

0 

IR  = 

49 

DMG  = 

0. 7607-.E-04 

TIME: 

69356. 

NIOC: 

4 

NCAP: 

28 

IR  = 

50 

DMG  = 

0.0 

TIME: 

33493. 

NLCC: 

1 

NCAP  = 

0 

IR  =  individual  rocket  (which  can  also  be  considered  to  be  an 
average  rocket  of  a  group  used  as  a  shipment  lot) 

DMG  =  damage  accumulated  for  time  shown 

TIME  =  total  hours 

NLOC  =  number  of  locations 

NCAP  =  number  of  captive  flights 
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Table  5  (Contd.) 


IR  = 

51 

OMG=  0. 1 103SE-04 

TIME: 

110623. 

NLOC  = 

7 

NCAP= 

IR  = 

52 

DNG  =  0.63I47E-05 

TIME: 

1 14619, 

NLOC  = 

6 

NCAP  = 

3 

IP  = 

53 

DUG:  0.67I55E-10 

TIME  = 

98971  . 

NLOC  = 

4 

NCAP  = 

0 

IR  = 

54 

0!1G=  0 . 1  5530E-04 

TI11E  = 

101160. 

MlOC  = 

3 

NCAP  = 

s 

IR  = 

55 

DMG  =  0.22235E-03 

TIME: 

104060. 

NLOC  = 

4 

NCAP= 

62 

IR  = 

56 

DM3:  0.202  75E -04 

TIME  = 

120594. 

MLOC  = 

5 

HCAPs 

6 

IP: 

57 

DHG=  0 . 23762E-04 

TIME: 

100875. 

MlOC  = 

4 

NCAP  = 

8 

IR: 

5S 

DM3=  0.55160E-05 

TIME: 

65904. 

NIOC: 

3 

NCAP  = 

2 

IR  = 

59 

DM3  =  0.734  34E  -04 

TIME: 

93679. 

NLOC  = 

3 

NCAP  = 

27 

IR- 

60 

DN3  =  0 . 64307E -04 

TIME  = 

103706. 

NLOC  = 

5 

NCAP  = 

31 

IR  = 

61 

DM3:  0. 12700E-03 

TIME  = 

118135. 

NLOC  = 

5 

NC  vP  = 

46 

IR  = 

62 

CM3=  0. 10563E-03 

TIt1E  = 

103533. 

MlOC  = 

4 

NCAP= 

40 

IP  = 

63 

0M3:  0.43086E-03 

TIME: 

1  16662. 

NLOC  = 

1 

NCAP= 

177 

ip= 

64 

0M3  =  0.46636E-03 

TIME  = 

166402 . 

NLOC  = 

4 

NCAP  = 

1 79 

IR  = 

65 

DMG=  0 . 21 734E-03 

TIME: 

93566. 

NL0C  = 

6 

MCAPs 

80 

IR: 

66 

0M3  =  0.3S199E-04 

TIMES 

93528. 

NLOC  = 

5 

NCAP  = 

14 

IR  = 

67 

OMG  =  0.16450E-06 

TIMES 

103935. 

NLOC  = 

4 

NCAP  = 

0 

IR  = 

68 

DM3  =  0.46627E-05 

TIME: 

93538. 

NLOC  = 

5 

MCAPs 

1 

13  = 

69 

0113=  0.  1  1031E-04 

TIME: 

90113. 

ML  DC  = 

4 

MCAPs 

4 

IR  = 

70 

Dr:G=  0.52325E-05 

TIME  = 

056 53. 

NLOC: 

4 

NCA  P  = 

3 

IR  = 

71 

DMG:  0. 19023E-04 

TIMES 

1  l5S:-5. 

NlOC  = 

4 

NCAPs 

7 

IR  = 

72 

0M3=  0 .6531 CE-04 

TIME  = 

1 1 9*14. 

Ml  OC  = 

7 

NCAP= 

24 

IR: 

73 

0113=  0 . 1  1  4 1  0E  -  0 3 

TIME: 

93493. 

races 

4 

NCAP: 

42 

IR: 

74 

0113=  0 . 56040E  -  05 

TIME  = 

107233. 

NLOC: 

6 

nar- 

2 

IR  = 

75 

DMG=  0 . 35482E-04 

TIME: 

100843. 

NLCC  = 

4 

NCAP: 

1  3 

IR  = 

76 

OMG=  0.45414E-04 

TIME: 

95*07 . 

NLOC  = 

4 

NCAP  = 

16 

IR: 

77 

DM3:  0.1C731E-04 

TIME: 

1 20936 . 

NLOC: 

4 

NCAP: 

4 

IR: 

78 

DM3=  0.19029E-04 

TIME: 

83672. 

NLOC: 

4 

NCAP: 

7 

IR  = 

79 

DM3:  0.16450E-06 

TIME: 

147724. 

NLOC: 

4 

NCAP: 

0 

IR: 

80 

DM3:  0 . 43&32E  -04 

TIME: 

65705 . 

NLOC  = 

3 

NCAPs 

16 

IR  = 

61 

DM3=  0 . 1 6024E-03 

TIME: 

163596. 

NLCC  = 

6 

NCAP: 

59 

IR: 

62 

DMG:  o. (37h5E-04 

TIME: 

124476. 

NLOC: 

4 

NCAP: 

5 

IR: 

63 

DMG=  O.19I62E-04 

TIME: 

93904. 

NLOC: 

4 

NCAP: 

7 

IR  = 

84 

Of  13=  0.55157E-05 

TIME: 

115026. 

NLOC  = 

4 

NCAP: 

2 

IR  = 

85 

DMG=  0  .  C  t 1 9  )E -  0  3 

TIME: 

107129. 

NLOC: 

5 

NCAP: 

78 

IP  = 

66 

DM3=  0 . 4542  OE -04 

TIMEs 

°2  3  -6 . 

III  oc  = 

5 

NCAP  = 

16 

IR: 

87 

DMG  =  0. 32  765E-04 

TIME: 

100342. 

NLOC  = 

4 

NCAPs 

12 

IR: 

ea 

DMG  =  0 . 11 032E-Q4 

TIME: 

124795. 

NLOC: 

4 

NCAP: 

4 

IR  = 

69 

DMG:  0 . 42652E-0 3 

TIME: 

1 75696. 

NLOC  = 

5 

nc  a  r = 

157 

IR  = 

90 

D:i3=  0. 3CC*°E 

TIME: 

9*28* . 

NLOC: 

4 

NCAPs 

1  1 

IR  = 

91 

DM3:  0  32683E -04 

TIMES 

OS591 , 

MLOC  = 

3 

NCAP  = 

12 

IR: 

92 

DMG=  0  26S12E-05 

TIME: 

1  0  °6  92  . 

moc= 

4 

NCAPs 

1 

IP: 

93 

0113=  0  .  3C653E-0* 

TIME: 

1 147o3. 

NLOC  : 

6 

NCAP: 

12 

IP: 

94 

0MG=  0.11031E-04 

TIME  = 

103933. 

NLCC  = 

4 

NCAPs 

4 

IR  = 

95 

DMG:  0 .61 562E-05 

TIME  = 

100130. 

N10C  = 

6 

NCAPs 

3 

IR  = 

>6 

OMG=  0 . 5  44c  VE -  04 

TIME  = 

106367. 

NIOC  = 

4 

NCAPs 

20 

IP  = 

97 

0113=  0 . 4906oE  -04 

TIME: 

92060. 

NLOC  = 

3 

NCAP: 

18 

IP  = 

93 

0113=  0.51  752E  -04 

TIME: 

10°610. 

NLOC  = 

5 

NCAP: 

19 

-  IR  = 

99 

OriG=  0.51  75 8E-04 

TIME  = 

95597. 

NLOC  = 

5 

NCAPs 

19 

IP  = 

100 

0113=  0 . 2 1 6 1 6E -04 

TIME: 

144334. 

MLPCs 

4 

NCAPs 

a 

IR: 

101 

D*1G=  0. 19J62E-0* 

TIME: 

93093. 

NLOC  = 

5 

NCAPs 

7 

IR: 

102 

0M3=  0.95250E-04 

TIME  = 

9*340 . 

NLOC  = 

4 

NCAPs 

35 

IP: 

103 

D113=  0.57C16E-04 

TIME: 

99019. 

NLCC  = 

4 

NCAPs 

21 

IP: 

104 

0113=  0.24616E-Q4 

TIME: 

105662. 

NLOC: 

4 

NCAPs 

9 

IP  = 

105 

0MG=  0.13745E-04 

TIME: 

100510. 

NIOC: 

4 

NCAPs 

5 

IP  = 

106 

DUG  =  0.46C67E-04 

TIME: 

110316. 

IILOC  = 

4 

NCAPs 

17 

-IR  = 

107 

Of  1G  =  0.10949E-04 

TIME: 

93633. 

NLOC  = 

3 

NCAP: 

4 

IR  = 

tos 

DMG=  0.57140E  04 

TIME: 

969*4 . 

NlOC  = 

5 

NCAPs 

21 

IR  = 

109 

DMG=  0.559S0E-05 

TIME: 

947*6. 

NLCC  = 

4 

NCAPs 

2 

IR  = 

110 

0MG=  0.10176E-04 

TIME: 

112766. 

NLOC  = 

5 

NCAPs 

3 
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IR  = 

in 

DMG= 

0.82385E-05 

TIME  = 

105658. 

NLOC  = 

4 

NCAP= 

IR  = 

112 

DMG  = 

0.571 34E-04 

TIME  = 

125612. 

MLOC  = 

4 

NCAP= 

21 

IR  = 

11} 

DM3= 

0.13830E-04 

TIME: 

1 18934. 

NIOC: 

5 

NCAP  = 

5 

IR  = 

1 14 

OMG= 

0 . 2546 1 E -04 

TIME  = 

102331 . 

MLOC  = 

5 

NCAP= 

6 

IR  = 

115 

DMG  = 

0. 12695E-04 

tim*:= 

88710. 

NLOC  = 

5 

NCAP= 

4 

IR  = 

1  16 

DMG  = 

0 . 28260E-04 

TIME: 

89591 . 

MLOC  = 

5 

NCAP= 

9 

IR: 

117 

or*3- 

0.1 3856E-03 

TIME: 

101 314. 

NL0C  = 

5 

NCAP= 

51 

IR: 

118 

dhg= 

0.67916E-04 

TIME: 

94234 . 

NL0C  = 

5 

NCAP= 

25 

IR  = 

119 

dhs= 

0.67966E-04 

TIME: 

95149. 

MLOC  = 

9 

NCAP= 

25 

IR  = 

120 

or,G= 

0.1 3666E-04 

TIME: 

87880. 

NlOC  = 

3 

NCAP  = 

5 

IR  " 

121 

DM3  = 

0.  I6450E-06 

TIME: 

104915. 

NLOC  = 

4 

i;cap= 

0 

IP  = 

122 

or;3= 

0.4S993E-04 

TIME: 

1861  CO. 

NLOC  = 

3 

MCAP= 

18 

IR  = 

1  23 

DMG  = 

0. 55SS0E-05 

TIME: 

93063. 

NLOC  = 

5 

NCAP= 

2 

IR: 

1  24 

or:G= 

0. (9IS2E-04 

TIME: 

147737. 

NLOC  = 

4 

UCAP  = 

7 

IP: 

125 

DMG= 

0.82319E-07 

TIME: 

10C3C5. 

NIOC: 

4 

K'C  A  P  = 

0 

IP: 

126 

PH.G  = 

0.82512E-05 

TIME: 

94741 . 

NLOC: 

5 

NCAP= 

3 

IR  = 

127 

DMG= 

0.  I2785E-03 

TIME: 

114611. 

NLOC  = 

6 

MCAP= 

47 

IR: 

128 

CftG= 

0.21899E-04 

TIME: 

133673. 

NIOC: 

4 

I'CAP- 

8 

IP: 

129 

CM3  = 

0 . 14144E-03 

TIME: 

191582. 

NLOC  = 

5 

1iCAP= 

52 

!R  = 

1  30 

01*3  = 

0. 16300E-04 

TIME: 

89S59 . 

NLOC: 

3 

i;cap= 

6 

IP  = 

1  31 

0MG  = 

0.21 734E-04 

TIME: 

88069. 

NLOC  = 

3 

1iCAP  = 

8 

IP  = 

t  32 

DM3  = 

0.82252E-07 

TIME: 

1CC304. 

NLOC: 

2 

kcap= 

D 

IR  = 

133 

0NG= 

0. 32O83E-04 

TIME: 

10C1 17. 

NLOC: 

4 

KCAP  = 

12 

IR: 

1  34 

DM3- 

0.1 7373E-04 

TIME: 

1  11448. 

NLOC: 

6 

KCAP  = 

5 

IR: 

1  35 

DMG= 

0. 15230E-03 

TIME: 

10979C. 

NLOC: 

4 

MCAP  = 

56 

IR: 

136 

ort3= 

0.12619E-04 

TIME: 

69409. 

NLOC: 

5 

MCAP  = 

4 

IR: 

137 

ors= 

0.2SC5hE-05 

TIME: 

1C0565. 

NLOC: 

5 

NCAP= 

1 

IR  = 

133 

DMS= 

0.551S7E-05 

TIME: 

86775. 

NLOC  = 

3 

MCAP= 

2 

IR: 

139 

DM3= 

0. I9099E-04 

TIME: 

1  11647. 

NIOC: 

5 

KCAP= 

7 

IR: 

140 

DM5= 

0. 1412SE-03 

TIME: 

114668. 

NLOC: 

7 

KCAP  = 

52 

IR: 

141 

DM3  = 

0.95086E-04 

TIME: 

116405. 

NLOC: 

1 

KCAP= 

35 

IP: 

142 

cr:G= 

0 . 1 2956E-03 

TIME: 

1077C7. 

NLOC: 

6 

KCA  P  = 

47 

IP: 

l-,3 

0MG  = 

0.24451E-04 

TIME: 

89694. 

NLOC  = 

3 

1!CAP= 

9 

IR: 

144 

DM3  = 

0.111 14E-04 

TIME: 

1C0190. 

NLOC: 

5 

MCAP  = 

4 

IP: 

145 

P'*~- 

4  1 7055E-06 

TIME: 

104058. 

NLOC: 

4 

KCAP= 

0 

IP  = 

1  46 

r  ■'  • 

u.1231 3E-04 

TIME: 

115024. 

NLOC: 

5 

r:cAP= 

4 

IR  = 

1  4? 

'•o  - 

i  3  1 47E-05 

T IMC  : 

95182. 

NLOC: 

4 

MCAr  = 

3 

IPr 

148 

■M3- 

'  ?3E-04 

TIME: 

94 C 39. 

NLOC: 

5 

MCAPs 

4 

IR: 

149 

•;.*!%- 

..2°R66E-04 

TIME: 

146351  . 

NLOC: 

5 

HCAP  = 

1  1 

IR: 

150 

•M.G  • 

P.o  45.3t-04 

TIME  = 

103450. 

NLOC: 

5 

NCAP  = 

23 

IR: 

151 

jMo  = 

0.2722CE-05 

TIME: 

91063. 

NLOC: 

4 

NCAP= 

1 

IR  = 

152 

0MS= 

0.35406E-04 

TIME  = 

101401 . 

NLOC: 

5 

NCAP= 

13 

IR: 

153 

OMG  = 

0 . 16465E-04 

TIME  = 

98167. 

NLOC  = 

4 

NCAP= 

6 

IP: 

154 

0MG  = 

0. 15612E-04 

TIME: 

94706. 

NLOC  = 

5 

NCAP  = 

5 

IR: 

155 

0N3  = 

0 . 47450E -05 

TIME  = 

95103. 

NlOC  = 

4 

HCAP= 

1 

IP: 

156 

DMG  = 

0. 10324E-03 

TIME: 

1003C9. 

NLOC  = 

5 

NCAP= 

38 

IP: 

157 

DMG  = 

0.  1  2096E-07 

TIME: 

116568. 

NLOC: 

4 

1  iC  A  P = 

0 

IR: 

158 

DMG  = 

0 . 47450E -05 

TIME  = 

95104. 

NLOC: 

4 

KCAP= 

1 

-IR: 

159 

oriG= 

0.171 24E -03 

TIME: 

107355. 

NLOC: 

4 

UCAP= 

63 

IP: 

160 

DM3  = 

0. 32765E-04 

TIME: 

95062. 

NLOC: 

4 

NCAP  = 

12 

IP  = 

161 

DMG  = 

0.55920E-05 

TIME: 

136539. 

NLOC: 

4 

MCAP= 

2 

IR: 

162 

DMG  = 

0.1251 3E-03 

TIME: 

109774. 

NIOC: 

4 

NCAP= 

46 

IR  = 

163 

DMG  = 

0.24730E-03 

TIME  = 

121292. 

NLOC: 

5 

NCAP= 

91 

IR  = 

164 

DMG  = 

0.70805E-04 

TIME: 

112426. 

NLOC: 

5 

MCAP  = 

26 

IP: 

165 

DMG  = 

0.6965SE-04 

TIME: 

1  18317. 

NlOC  = 

6 

MCAP= 

33 

IR  = 

166 

DM3  = 

0.8I690E-05 

TIME: 

108556. 

NLOC  = 

5 

MCAP= 

3 

-IR  = 

167 

01 ‘.3  = 

0.12225E-03 

TIME: 

143582. 

NLOC: 

3 

HCAP= 

45 

_  IR: 

163 

DMG  = 

0. 16450E-06 

TII1E  = 

92036. 

Nl  OC  = 

3 

NCAP  = 

0 

IP: 

169 

DMG  = 

0 . 2  72  30E- 05 

TIME  = 

101071 . 

NLOC  = 

3 

IJCAP= 

1 

IP: 

1  70 

DMG  = 

0. 165SSE-03 

TIME: 

1 09798. 

NLOC: 

4 

HCAP= 

61 
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IR  = 

171 

dhg= 

0.28812E-05 

TIME1 

138517. 

NIOC: 

4 

NCAP= 

IR  = 

172 

DM3  = 

0 . 59080E-04 

TIME  = 

100899. 

NLOC  = 

4 

NCAP  = 

21 

:r= 

173 

or*.G= 

0.54456E-05 

TIME: 

92967. 

NLOC: 

5 

NCAP  = 

2 

IRs 

174 

DNS= 

0. 10340E-03 

TIME  = 

193314. 

MLOC  = 

4 

NCAPs 

38 

IR  = 

175 

Dr  13= 

0. 1290IE-04 

TIME  = 

1 12890. 

NLOC: 

5 

NCAP  = 

4 

IR  = 

176 

ori3= 

0 . 56802E-05 

TIME: 

119006. 

NLOC: 

6 

NCAPs 

2 

I  P  = 

177 

o::s= 

0 . 951 74E-04 

TI(!E  = 

89576. 

NLOC: 

5 

NCAP= 

35 

ID  = 

1  73 

0M3  = 

0.63147E-05 

TIME: 

100225. 

NLOC: 

4 

NCAP  = 

3 

:  r= 

179 

0MG  = 

0.59775E-04 

T!ilE  = 

134162. 

NLOC: 

«> 

NCAP  = 

22 

ip= 

180 

0113= 

0.  1  1031E-04 

TIME: 

96133. 

Ml  OC  : 

3 

NCAPs 

4 

ip= 

181 

DN3  = 

0 . 97GC4E-04 

TIME: 

95096. 

NLOC: 

6 

NCAP  = 

36 

IR  = 

162 

0flG= 

0 . 24676E - 06 

TIME: 

116535. 

NLOC: 

5 

NCAP  = 

0 

IR  = 

163 

DMG  = 

0 . 24533E -04 

TIME: 

99790. 

NIOC: 

6 

NCAP  = 

9 

IR  = 

164 

DNG  = 

0 . 16860E-03 

TIME: 

110975. 

NLOC: 

5 

NCAPs 

62 

I?  = 

165 

on  3= 

0.  1  O893E-03 

TIME: 

lOOS^O. 

NLOC: 

4 

NCAPs 

40 

IR  = 

166 

0113  = 

0 . 1  6*  71 E-04 

TIME: 

121260. 

NLOC: 

5 

NCAPs 

6 

19  = 

167 

D:i3  = 

0 . 1459sE-04 

TIME: 

100630. 

NLOC: 

6 

NCAPs 

4 

1P  = 

163 

d  ns = 

0 . 2 79E  -  04 

TIME: 

116532. 

NLCC  : 

5 

NCAPs 

9 

:p= 

169 

D?:3= 

0 .55^o0E-05 

TIME: 

103342. 

IILCC: 

4 

MCAP  = 

2 

ip= 

1  90 

oriGs 

0.  IC0O3E-07 

Tit  IE: 

107374. 

NLOC: 

4 

NCAP  = 

0 

19  = 

191 

ori3= 

0 . 93C55E -05 

TIME: 

95109. 

NLOC: 

6 

NCAPs 

2 

IP  = 

192 

o;i3= 

0. 1  3743E-04 

TIME: 

103940. 

NLOC: 

4 

NCATs 

5 

I3  = 

1  93 

ori3= 

O.C'CSCSE-OS 

TIME: 

69009. 

NIOC: 

4 

NCAP  = 

3 

I°  = 

1  «4 

onc  = 

0. 7071 7E -04 

TIME: 

93275. 

NLOC: 

4 

NCAP  = 

26 

IPS 

1  95 

C?!3  = 

0. 94 350 E -07 

TIME: 

116239. 

NLOC: 

6 

NCAPs 

0 

IR  = 

196 

or:3= 

0 . 1 S/hSE -  04 

TIME: 

920 45. 

NLOC: 

3 

NCAPs 

5 

IR  = 

197 

0113  = 

o.e:c5CE-o7 

T IME  : 

122304. 

NIOC: 

2 

NCAP  = 

0 

IP  = 

193 

0113  = 

0 . 2 1 6°3E -  04 

TIME: 

10  39  ,6. 

NLOC: 

4 

NCAPs 

8 

IR  = 

199 

0113  = 

0 . C3050E -  05 

TIME: 

113542. 

NIOC: 

3 

NCAPs 

1 

IR  = 

200 

0MG  = 

0 . 2C6  35£ -  05 

TIME: 

116927. 

NLOC  = 

5 

NCAPs 

1 

IP  = 

201 

0113  = 

o.ez:5:E-o7 

TIME¬ 

05759. 

NLOC: 

2 

NCAPs 

0 

!P  = 

202 

0113  = 

0 . 32  765E- 04 

TIME: 

94605. 

NLOC: 

4 

NCAPs 

12 

19  = 

203 

0113  = 

0.63147E-05 

TIME: 

95761 . 

NLOC: 

4 

NCAP  = 

3 

IR  = 

204 

0113  = 

0.  1 14I0E-03 

TIME: 

69S78. 

NLOC: 

3 

NCAP  = 

42 

19  = 

205 

0115  = 

0.C57C1 E-09 

TIME: 

10971  9. 

NLOC: 

4 

NCATs 

0 

IP  = 

206 

o;i3  = 

0.C79-0E-05 

1  IME: 

95761 . 

NLOC: 

2 

NCAPs 

1 

IP  = 

207 

0113  = 

0.111 3-E-03 

T  IME  3 

1  1  .575. 

NLOC: 

5 

NCAPs 

41 

19  = 

203 

DM5  = 

0. 10121E-04 

TIME: 

101692. 

NLOC: 

5 

NCAP  = 

3 

19  = 

209 

0M3  = 

O.C3050E-05 

IIME  = 

66300. 

IUOC: 

3 

NCAPs 

1 

IP  = 

210 

DM3  = 

0.83147E-05 

TIME: 

122105. 

NLOC: 

4 

NCAPs 

3 

IR  = 

211 

o::3  = 

0  .s0763E-04 

TIME: 

101391 . 

NLCC: 

5 

NCAPs 

15 

IRs 

212 

OMG  = 

0. 15530E-04 

TIME  - 

101 160. 

NLOC: 

3 

NCAPs 

5 

IR  = 

21  3 

0113  = 

0.C£MCE-05 

TIME: 

93<26. 

NLOC: 

4 

NCAP  = 

1 

19  = 

214 

0113  = 

0 . 331  1c*E-04 

TIME: 

100692. 

NLOC: 

4 

NCAPs 

14 

:r  = 

215 

0113  = 

0. 3543: E-04 

TIME: 

104031 . 

NLOC  = 

4 

NCAP= 

1  3 

IR  = 

216 

ohg= 

0. 1 103IE-04 

TIME: 

104604. 

NLOC  = 

4 

NCAPs 

4 

IRs 

217 

0113  = 

0. 1 9460E-C5 

TIME: 

93536. 

NLOC: 

5 

NCAPs 

0 

19  = 

218 

0113  = 

0 . 544 1 7E -  04 

TIME: 

90307. 

NIOC: 

3 

NCAP= 

20 

—  IP  = 

219 

0113  = 

0. 19099E-04 

TIME: 

96350. 

NLOC: 

4 

NCAPs 

7 

IR  = 

220 

0MG  = 

0.1 3743E-04 

TIME: 

103  940. 

NLOC: 

4 

NCAPs 

5 

IPs 

221 

0113  = 

0.1  7323E-06 

TIME: 

1  0-,  053 . 

NIOC: 

3 

NCAP= 

0 

IRs 

222 

OMG  = 

0.CI67GE-04 

TIME: 

103.68. 

NlOC  = 

4 

NCAPs 

6 

IR  = 

223 

DMG  = 

0.2799CE-05 

TIME: 

91174. 

NLOC: 

3 

NCAPs 

1 

IR  = 

224 

0115  = 

0.279-=0E-03 

TIME: 

97773. 

NLOC: 

6 

NCAP  = 

103 

IRs 

225 

OMG  = 

0 . 55 1 6 1 E -  05 

TIME: 

110292. 

NLCC: 

3 

NCAPs 

2 

IR=», 

L  26 

DM3  = 

0. 1  033:E-03 

TIME: 

90293. 

moc: 

7 

NCAPs 

38 

—  IR  = 

227 

0113  = 

0.0 

TIME: 

83493. 

NIOC: 

1 

NCAP  = 

0 

”  IR  = 

223 

dug  - 

0 .65366E-04 

TIME: 

92441 . 

NLOC: 

4 

NCAPs 

24 

IR  = 

229 

D113  = 

0.29976E-04 

TIME: 

90931 . 

NLOC: 

5 

NCAPs 

1 1 

IPs 

2  30 

0110  = 

0 . 1 2042 E -  04 

TIME: 

108141 . 

NLOC: 

5 

2 
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IR: 

231 

DMG= 

0.54396E-05 

TIME  = 

91064. 

NLOC  = 

4 

HCAP= 

IR  = 

232 

DftG  = 

0.54398E-05 

TIME: 

1 09972 . 

MLOC  = 

4 

MCAP= 

2 

IR: 

233 

DMG  = 

0.24676E-06 

TIME: 

120163. 

MLOC: 

5 

NCAP= 

0 

3  R  : 

234 

DMG= 

0.55980E-05 

TIME: 

147584. 

MLOC  = 

5 

NCAP= 

* 

IR: 

235 

DMG  = 

0.28812E-05 

TIME  = 

95063. 

NLOC  = 

4 

NCAP= 

1 

IR  = 

2  36 

0MG= 

0.353I8E-04 

TIME: 

113028. 

MLOC  = 

3 

NCAP= 

13 

IR  = 

237 

Df  15= 

0.11 1  14E-04 

TIME  = 

1 11892. 

moc: 

5 

KCAP  = 

4 

1R  = 

2  38 

DMG= 

0.29975E-04 

TIttE  = 

97275. 

MLOC: 

3 

MCAP  = 

11 

IR  : 

239 

DMG  = 

0.83147E-05 

TIME  = 

1 JS860. 

(HOC: 

4 

HC  AP= 

3 

IR  = 

240 

or.G= 

0. 7fc066E-04 

T1ME  = 

116413. 

MLOC: 

6 

NCAP  = 

28 

!R  = 

241 

OT!G  = 

0 . 1 Q1 00E-04 

TIME: 

112065. 

1ILOC: 

4 

MCAP  = 

7 

IR: 

242 

o:i3= 

0 . 1  1  0  31 E -04 

TIME: 

103933. 

Ml  OC  = 

4 

ucap= 

4 

IR  = 

243 

DriG= 

0.  135R0E-04 

TIME: 

10317*. 

MtOC: 

6 

NCAP= 

5 

IR  = 

244 

0M3  = 

0 .43469E-04 

TIME: 

1  34699 . 

MLOC: 

6 

NCAP  = 

16 

IR  = 

2.5 

DflG= 

0.248 42E-07 

TIME: 

c5502 . 

MLOC: 

5 

MCAP  = 

0 

IP  = 

246 

Dr;G= 

0.1  1  I55E-03 

TIME: 

103064. 

MLOC  = 

4 

mcap= 

41 

IR  = 

247 

Dr.G= 

0.40751 E-03 

TIME: 

1  71  724. 

MLOC  = 

5 

mcap= 

150 

IR  = 

248 

or*5= 

0.2S812E-05 

TIM£  = 

1 39551 . 

MLOC: 

4 

NC4P  = 

1 

IR: 

2.9 

DM5= 

0 .2-.615E-04 

TIME: 

90069. 

MLOC: 

S 

MCAP  = 

9 

IR  = 

250 

Df*G  = 

0 . 51  782E-04 

TIME: 

9-.C9S. 

MLOC: 

4 

NCAP  = 

19 

IR: 

251 

orc= 

0.82330E-05 

TIME: 

«2732. 

MLOC: 

4 

rcAP= 

3 

IP: 

252 

0  MG  = 

0.13o00E-03 

TIME  = 

121201  . 

MLOC: 

5 

mc  ap= 

50 

IR: 

253 

or*.  5= 

0.669*7E-04 

TIME  = 

R-.286. 

MLOC: 

5 

mcap= 

32 

IR: 

254 

o::g= 

0.59S50E-04 

TIME: 

97070. 

MLOC: 

5 

mcap= 

* 

4.  t- 

IP  = 

255 

cri5= 

0 . 57057E-04 

TIME: 

87045. 

MLOC: 

5 

NCAP  = 

21 

IR: 

256 

PM3  = 

0.74617E-05 

TIME: 

95105. 

MLOC: 

4 

MCAP  = 

2 

!R  = 

257 

or3= 

0.57216E-04 

TIME: 

95099. 

MLOC  = 

4 

NC  AP  = 

21 

IP: 

258 

or  3= 

0. 32765E-04 

TIME: 

100641 . 

MLOC  = 

4 

MCAP  = 

12 

IR: 

259 

DMG= 

0. I0883E-03 

T1ME  = 

««052. 

MLOC: 

4 

UCAP  = 

40 

IR: 

260 

DMG  = 

0.217  34E-04 

TIME: 

«3-*31  . 

MLOC: 

4 

KCAP  = 

8 

IR: 

261 

D  MG= 

0 . 79335E-03 

TIME: 

163357. 

LILOC: 

3 

mcap= 

292 

IR: 

262 

Df.  3  = 

0 . 92533E -04 

TIME  = 

«2097. 

HICC  = 

3 

ncap= 

34 

I R  : 

263 

0MG  = 

0.95250E-04 

TIME  = 

92099. 

NIOC: 

3 

MC  AP= 

35 

IR: 

264 

DflG= 

0.26S15E-05 

TIME: 

124790. 

MLOC: 

4 

MCAP= 

1 

IP: 

265 

DMG  = 

0. 24615E-04 

TIME: 

94599. 

MLOC: 

4 

NCAP= 

9 

IR  = 

266 

DM  3  = 

0 . °5250E -  04 

TIME: 

103994. 

MLOC  = 

4 

mcap= 

35 

I R  = 

267 

DM3  = 

0 . 8  3147E- 05 

TIME  = 

95761 . 

N10C  = 

4 

MCAP  = 

3 

IR: 

268 

or:G= 

0.73982E-05 

TIME: 

115159. 

MLOC: 

6 

NCAP  = 

2 

IR: 

269 

DMG  = 

0.116S2E-03 

TIMl  = 

1 37308. 

MLOC: 

4 

ncap= 

43 

IR  = 

270 

CM3  = 

0.82328E-05 

TIME: 

9  *322  . 

MLOC: 

3 

MCAPs 

3 

IR: 

271 

or*3  = 

0 . 55900E-05 

TIME  = 

103457. 

MLOC: 

4 

mcap= 

*» 

4. 

IR  = 

2  72 

or:G= 

0 . 39658E -04 

TIME: 

95229. 

MLOC: 

6 

NCAP  = 

33 

IR  = 

273 

or  g= 

0 . 5-*456E-P5 

TIME: 

07087. 

MLOC: 

5 

mcap= 

2 

IR  = 

2  74 

DM3  = 

0 . 2 -*451 E -04 

TIME  = 

95509. 

Ml  OC  = 

4 

mcap= 

9 

IR  = 

275 

prG= 

0.27332E-04 

TIM£  = 

93098. 

NLOC  = 

5 

NCAP= 

10 

IR: 

276 

ohg= 

0.62509E-04 

TIME: 

83157. 

MLOC  = 

6 

NCAP= 

23 

IR: 

277 

DMG  = 

0 . 2C635E -05 

TIME: 

114191. 

MLOC  = 

5 

NCAP  = 

1 

IR: 

2  78 

DUG: 

0 . 73434E-04 

TIME: 

103714. 

MLOC: 

6 

mcap= 

27 

-IR: 

279 

DUG: 

0.62252E-07 

TIME  = 

95759. 

NlOC  = 

«. 

NCAP  = 

0 

IR: 

280 

DUG: 

0 . 5441 7E -04 

TIME: 

1 19-.37. 

Ml  OC  = 

4 

MCAP= 

20 

IR  = 

281 

DMG  = 

0.4626  7E-04 

TIME: 

101496. 

NLOC  = 

6 

Mr  ap= 

17 

IR: 

282 

0MG  = 

0.20963E-04 

TIME: 

107383. 

MLOC: 

4 

NCAP= 

7 

IR  = 

283 

dmg= 

0.1 374PE-04 

TIME: 

05070. 

MLOC  = 

4 

NCAP= 

5 

IR  = 

284 

DUG: 

0.27228E-05 

TIME: 

94824. 

MLOC  = 

5 

NC4P= 

1 

IR: 

285 

0!1G: 

0 . 65372E -04 

TIME: 

99150. 

MLOC: 

4 

MCAP  = 

24 

IP: 

286 

Dr  13 = 

0.11 1 14E-04 

TIME: 

120509. 

MLOC  = 

S 

MCAP= 

4 

-  IR: 

287 

DMG  = 

0.  I0332E-03 

TIME: 

91  775. 

NLOC  = 

4 

MCAP  = 

38 

”lR: 

283 

DMG  = 

0 . 68000E -04 

TIME: 

1  189-*5. 

MLOC  = 

S 

MCAP= 

25 

IR: 

239 

omg: 

0.2I893E-04 

TIME: 

100268. 

MLOC: 

4 

MCAP= 

8 

IR  = 

290 

DMG: 

0.55157E-05 

TIME: 

55762. 

MLOC: 

* 

L 

MCAP= 

2 
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ir= 

291 

0M3  = 

0.82252E-07 

TIME: 

95759. 

N10C  = 

2 

NCAP= 

IR  = 

292 

ors= 

0.73352E-04 

TIME: 

97270. 

NLOC  = 

4 

NCAP= 

27 

IR  = 

293 

DMG  = 

0.  I6465E-04 

TIME: 

92410. 

HICC: 

4 

NCAP  = 

6 

IR  = 

294 

0M3  = 

0 . 76 ( S7E-04 

TIME: 

103103. 

NtCC: 

4 

NCAP= 

28 

IR  = 

295 

DHG  = 

0.431 96E-03 

TIME: 

129334. 

MLOC  = 

2 

NCAP: 

159 

IR  = 

295 

OftG  = 

0.8I565E-05 

TIME: 

103102. 

NLOC  = 

6 

IJC  AP= 

3 

IR  = 

297 

DUG: 

0.73516E-04 

TIME: 

94323. 

NLOC  = 

4 

NCAP  = 

27 

IP  = 

2Q3 

0MG  = 

0. 1103IE-04 

TIME: 

920~*3. 

HLOC= 

3 

NCAP  = 

4 

IR  = 

299 

DMG  = 

0.35-.S2E-04 

TIME: 

103012. 

N10C  = 

5 

tlCAP  = 

13 

IP  = 

300 

DUG: 

0.6*?33£-04 

TIM£  = 

I039S7. 

11L0C  = 

4 

NCAP: 

31 

IP  = 

301 

0(12- : 

0 .454C6E'04 

TIME: 

103915. 

NLOC  = 

5 

NCAP  = 

16 

IP  = 

302 

DnO  = 

0. 1I031E-04 

TIME: 

103933. 

KLoc= 

4 

NCAP: 

4 

IR  = 

303 

0MG  = 

0.25822E-09 

TIME: 

696  74. 

NLOC  = 

4 

NCAP: 

0 

IR  = 

304 

Dt!3  = 

0. 30049E-04 

TIME: 

1029=5. 

nloc = 

4 

NCAP  = 

1 1 

IP  = 

305 

Cl  13  : 

0.63I50E-05 

TIME: 

132001 . 

taoc= 

5 

NCAP= 

3 

IR: 

305 

0M3: 

0.20285E-05 

TIME: 

101970. 

(HOC: 

5 

NCAP: 

0 

IR: 

307 

0113: 

0  .  1 6465E '04 

TIME: 

100318. 

N10C  = 

4 

NCAP  = 

6 

IP  = 

303 

DUG: 

0.  lOoO'.E-O! 

TIME: 

99235. 

NLOC  = 

5 

NCAP  = 

39 

IP  = 

309 

0M3  = 

0.S9J33E-0* 

TIME: 

103971 . 

NICC  = 

4 

NCAP: 

22 

IP  = 

310 

0113: 

0.92375E-04 

TIME: 

101216. 

NIOC: 

5 

NCAP: 

34 

IP  = 

31  1 

0.".3  = 

0  .  1 36&6E-04 

TIME: 

94937. 

NLOC  = 

4 

NCAP: 

5 

1P  = 

312 

DUG: 

0 . 1 a(82E-04 

TIME: 

1001<=0. 

N10C  = 

5 

NCAP: 

7 

IP: 

31  3 

0113  = 

0. 1 374EE-04 

TIME: 

101126. 

NIOC: 

6 

NCAP  = 

5 

IP  = 

314 

0(13: 

0.t5I2oE'05 

TIME: 

95365. 

NIOC  = 

6 

NCAP: 

1 

IR  : 

315 

0(13  : 

0. (5765E-03 

TIME: 

92675. 

NLOC  = 

4 

NCAP  = 

58 

IR  = 

315 

DM3  = 

0 . 30895E-04 

TIME: 

93331 . 

NLOC  = 

5 

NCAP: 

10 

IR  : 

51  7 

DM3: 

0 . 279o0E-05 

TIME: 

1 04545 . 

NLOC  = 

3 

NCAP: 

1 

IR: 

31 S 

0113  = 

0.55t60E-05 

TIME: 

83904. 

NLOC  = 

3 

NCAP: 

2 

IR: 

319 

or:s= 

0.9760SE-04 

TIME: 

93157. 

NLOC  = 

6 

NCAP: 

36 

IR: 

320 

0(13  = 

0.*3632E-04 

TIME: 

93034. 

N10C  = 

4 

NCAP: 

16 

IR  = 

321 

0(13  = 

0.23050E-05 

TIME: 

105993. 

N10C  = 

4 

NCAP: 

1 

IR: 

322 

0(13  = 

0.83147E-05 

TIME: 

95066. 

NIOC: 

4 

NCAP: 

3 

IP  = 

323 

OM3  = 

0 . 2  7990E-05 

TIME: 

05761 . 

N10C  = 

2 

NCAP: 

1 

IR: 

324 

0(13  = 

0 .27332E-04 

TIME: 

93194. 

N10C  = 

4 

NCAP: 

to 

IP: 

325 

0(13  = 

0.135S4E-04 

TIME: 

93*26. 

N10C  = 

4 

IIC  AP: 

5 

IR  = 

326 

0(13  = 

0.  (  353  .E-04 

TIME: 

93930 . 

NLOC  = 

4 

NCAP: 

5 

IP: 

327 

0(13  = 

0. I6465E-04 

TIME: 

10  3^*6. 

N10C  = 

4 

NC  A  P  : 

6 

IP: 

328 

0(1G  = 

0 . 1  9-*o0E-05 

TIME: 

93536. 

N10C  = 

5 

NCAP: 

0 

IP: 

329 

0M3: 

0.27332E-04 

TIME: 

1 0  5°  49 . 

NIOC: 

4 

NCAP  = 

10 

IR: 

330 

0(13  = 

0 . 281 1 1 E '05 

TIME: 

99771 . 

N10C  = 

5 

NCAP: 

1 

IP: 

331 

PMG  = 

0  .  (01 73E-04 

TIME: 

93126. 

N10C  = 

5 

NCAP: 

3 

IR: 

332 

0113  = 

0.29204E-04 

TIME: 

91 5°3 , 

NLOC  = 

4 

NCAP: 

1 1 

IP  = 

333 

OMG  = 

0.27R90E-05 

TIME: 

95761 . 

N10C  = 

2 

NCAP: 

1 

IP  = 

33* 

dug: 

0.63147E-05 

TIME: 

95647. 

N10C  = 

4 

NCAP: 

3 

IR: 

335 

OMG  = 

0.55930E-05 

TIME: 

1 1 8°35 . 

NICC  = 

4 

NCAP: 

2 

IR: 

336 

DUG: 

0 -82252E-07 

TIME: 

95759. 

NLOC  = 

2 

NCAP: 

0 

IP: 

337 

DUG: 

0.11031E-0 

TIME: 

945Q0 . 

NL0C  = 

4 

NCAP: 

4 

IR  = 

338 

0I1G= 

0  73791E-04 

TIME: 

°6473. 

(I10C  = 

3 

NCAP: 

29 

IP  = 

339 

OMG: 

0.63060E-03 

TIME: 

91594. 

moc  = 

4 

NCAP: 

0 

IR  = 

340 

0(13= 

0. 10949E-04 

TIME: 

90600. 

NIOC: 

3 

NCAP: 

4 

IR: 

341 

0(13= 

0. 1«$3JE-03 

TIME: 

93169. 

N10C  = 

5 

NCAP: 

73 

IP: 

342 

0113= 

0.26812E-05 

TIME: 

120203. 

NICC  = 

5 

NCAP: 

1 

IR  = 

343 

0113= 

0.82252E-07 

TIME: 

07371  . 

NIOC: 

3 

NCAP: 

0 

IP  = 

344 

Dt1G= 

0. 13748E-04 

TIME: 

103039. 

NIOC: 

4 

NCAP: 

5 

IR: 

345 

0(15  = 

0 . 70644E -  04 

TIME: 

151324. 

N10C  = 

2 

NCAP: 

26 

IR: 

346 

01(3  = 

0. 1630oE-04 

Tine  = 

90943. 

NIOC: 

4 

IIC  AP  = 

6 

IP  = 

347 

0I1G  = 

0 . 1 9462E-05 

TIME: 

69951 . 

NIOC: 

4 

NCAP: 

0 

IP  = 

348 

0(13  = 

0.28312E-05 

TII1E  = 

147726. 

til  OC  = 

4 

NCAP: 

1 

IR: 

349 

DMG  = 

0.95174E-04 

TIME: 

1  043*  8 . 

NIOC: 

5 

NCAP  = 

35 

IP: 

350 

OMG  = 

0. 76074E-04 

time: 

89679. 

N10C  = 

5 

■  'C  A  "  : 

26 
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IR  = 

351 

DHG= 

0. 16465E-04 

TIME  = 

109701 . 

NlOC= 

4 

NCAPs 

t 

IR  = 

352 

DMG= 

0.7461 7E-05 

TIME: 

147364. 

NLOCs 

S 

NCAPs 

2 

IR  = 

353 

Df1G  = 

0. 19182E-04 

TII1E  = 

93092. 

HLOCs 

5 

NCAPs 

7 

IR  = 

354 

0113= 

0.55980E-05 

TIUE  = 

95065. 

taocs 

4 

NCAPs 

2 

IR  = 

355 

DUG: 

0 . 2G050E-05 

TIME: 

89632. 

NLOCs 

5 

NCAPs 

1 

IR  = 

356 

0113  = 

0.24642E-07 

TIME: 

97487. 

HLOC  = 

6 

NCAPs 

0 

IR  = 

357 

0113  = 

0 . 27226E-05 

TIME: 

91063. 

NLOCs 

4 

NCAPs 

1 

IR  = 

358 

oriG= 

0. 35482E-04 

TIME: 

100344. 

NLOCs 

4 

NCAP  = 

13 

IR  = 

359 

DUG: 

0. 55I50E-03 

TIME: 

147195. 

NLOC  = 

3 

NCAP= 

203 

IR  = 

360 

0113= 

0.36133E-03 

TIME: 

96314. 

NLOCs 

8 

NCAP  = 

133 

IR  = 

361 

0113= 

0. 1S40SE-03 

TIME: 

63230. 

NLOCs 

3 

NCAPs 

57 

IR  = 

362 

0(13= 

0 . 46464E -03 

TIME: 

1 50962 . 

NLOC  = 

2 

NCAPs 

171 

IR  = 

363 

0113= 

0.10373E-04 

TIME: 

106055. 

NLOC  = 

5 

NCAPs 

4 

IR  = 

364 

0113= 

0 . 2  799  3E -05 

TIME: 

96148. 

NLOC  = 

3 

NCAPs 

1 

IP  = 

365 

0(15  = 

0 . 27332E-04 

TIME: 

91724. 

NLOCs 

4 

NCAPs 

10 

IR  = 

366 

0(13= 

0 . 2169SE -04 

TIMES 

113300. 

NLOC  = 

4 

NCAPs 

8 

I R  = 

367 

0113= 

0  63147E-05 

TIME: 

03035. 

NLOC  = 

5 

NCAPs 

3 

1 R  = 

368 

0(13= 

0.1  1  0  31  E  -04 

TIME: 

95066. 

NLOC  = 

4 

NCAPs 

4 

IR  - 

369 

0113= 

0 . 55159E-05 

TIME: 

93140. 

NLOC  = 

4 

NCAPs 

2 

I  ?  = 

370 

0r'3  = 

0 . 1  1427E-03 

TU1E  = 

95432. 

NLOCs 

4 

NCAPs 

42 

IR  = 

371 

0113= 

0.24615E-04 

TIME: 

95077. 

NLOCs 

4 

NCAPs 

9 

IP  = 

372 

0113  = 

0. 19162E-04 

TIMES 

103944. 

NLOCs 

4 

NCAPs 

7 

IR  = 

373 

0113  = 

0.55O92E-05 

TIME: 

1 24792 , 

NLOCs 

4 

NCAPs 

2 

IR  = 

374 

0MG= 

0.1911 2E-04 

TIME: 

124329. 

NLOC  = 

5 

NCAPs 

7 

IR  = 

375 

DUG: 

0. I9w60£-05 

TIME: 

03536. 

NLOC  = 

5 

NCAPs 

0 

IR  = 

376 

DUG: 

0.83I47E-05 

TIMES 

95066. 

NLOCs 

4 

NCAPs 

3 

1P  = 

377 

0113  = 

0 . 55930E-05 

TIME: 

05760. 

NLOCs 

4 

UCAP: 

2 

IR* 

378 

0113  = 

0. 1  1698E-03 

TIME: 

109768. 

NLOC  = 

4 

NCAPs 

43 

IR  = 

379 

0113  = 

0 . 2  7990E-05 

TIME: 

91708. 

NLOC  = 

4 

NCAPs 

1 

IR  = 

350 

DUG: 

0. 16293E-C4 

TIMES 

90604. 

NLOCs 

3 

NCAPs 

6 

IR: 

391 

0113= 

0 . 24539E -04 

TIMES 

113975. 

NLOCs 

5 

NCAPs 

9 

IPS 

392 

0113  = 

0.10  326E -03 

TIMES 

90056. 

NLOC  = 

8 

NCAPs 

33 

IRs 

363 

0MG  = 

0. I5758E-03 

TIMEs 

69903. 

NLOC  = 

4 

NCAPs 

58 

IRs 

384 

D1!G  = 

0. 10604E-03 

TIME: 

93349. 

NLOCs 

4 

NCAP: 

39 

IRs 

365 

0113= 

0.48933E-04 

TIME: 

146933. 

NLOCs 

6 

NCAPs 

18 

IRs 

396 

0113  = 

0. 79635E-05 

TIME: 

115179. 

NLOCs 

5 

NCAP: 

1 

IR  = 

387 

criGs 

0. 16450E-06 

TIME: 

96131  . 

NLOCs 

3 

NCAPs 

0 

IRs 

398 

0113  = 

0.41650E-04 

TIME: 

95368. 

NLOC  = 

6 

NCAPs 

14 

IRs 

399 

0(13  = 

0 . 95!oGE-04 

TIME: 

106399. 

NLOCs 

4 

NCAPs 

35 

IRs 

3«3 

0MG  = 

0.26373E-05 

TIME: 

100674. 

NLOC  = 

5 

NCAPs 

1 

IRS 

391 

0113  = 

0.63I47E-05 

TIME: 

OI5P8. 

NLOCs 

5 

NCAPs 

3 

IRS 

392 

0f.3  = 

0.246I5E-04 

TIME: 

103943. 

NIOCs 

4 

NCAPs 

9 

IRS 

393 

ong= 

0 . 8330 1 £-07 

TIME: 

67093. 

NLOCs 

3 

NCAPs 

0 

IRs 

394 

oriG= 

0. 16465E-04 

1 IME  s 

145754. 

NLOCs 

5 

NCAPs 

6 

IRS 

395 

0113  = 

0 . 56902E-05 

TIME: 

120505. 

NLOCs 

5 

NCAPs 

IRS 

396 

DUG= 

0.4091 5E-04 

TIME  = 

103953. 

NLOCs 

4 

NCAPs 

15 

IRS 

397 

0113= 

0.261 1 1E-05 

TIME  = 

101933. 

NLOC  = 

5 

NCAPs- 

1 

IRS 

398 

DUG: 

0.8225CE-07 

TII1E  = 

95759. 

NLOCs 

«- 

NCAPs 

0 

IRS 

399 

0113  = 

0 . 57057E-O4 

TIME  = 

93586. 

NLOC  = 

6 

NCAPs 

21 

IR: 

400 

0MG  = 

0.604SSE-08 

TIME: 

108021 . 

NL0C  = 

3 

NCAPs 

0 

IRs 

401 

0113  = 

0.1 1960E-04 

TIME: 

95695. 

NLOCs 

5 

NCAPs 

3 

IR  = 

402 

0UG= 

0 . 559S0E-O5 

TIIIE  = 

95065. 

NLOC  = 

4 

NCAP: 

2 

IRs 

403 

DUG: 

0. 16465E-04 

TIME: 

93495. 

NLOC  = 

4 

NCAPs 

6 

IRs 

404 

DUG* 

0.82325E-05 

TIME  = 

93461 . 

NL0C  = 

4 

NCAP* 

3 

IR  = 

405 

ohg= 

0.7461 7E-05 

TIME: 

113425. 

NL0C  = 

S 

NCAP* 

2 

IRs 

406 

oriG= 

0. 10333E-03 

TIME: 

94194. 

NLOC  = 

5 

NCAPs 

38 

IRs 

407 

0113  = 

0.27256E-04 

TIME: 

II 5 1  75 . 

NLOC  = 

5 

NCAP* 

10 

IR: 

408 

0UG  = 

0.46165E-04 

TIt1E  = 

90622. 

NLOCs 

5 

NCAPs 

17 

IRs 

409 

0113= 

0. 7071 7E-04 

TIMES 

103345. 

NlOC  = 

4 

NCAPs 

26 

IR: 

410 

0113  = 

0.28812E-05 

TIME  = 

92037. 

NLOCs 

3 

NCAPs 

1 
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IR  = 

411 

0MG= 

0.82252E-07 

TIME  = 

95759. 

NlOC= 

2 

NCAP  = 

IR  = 

412 

OtlG= 

0. 10060E-03 

TIf1E  = 

135688. 

NIOC: 

5 

NCAP= 

37 

IR: 

413 

oriG= 

0. 16450E-06 

TIME: 

137277. 

NLOCs 

4 

NCAPs 

0 

IR  = 

414 

omg= 

0. 191S2E-04 

TIME: 

94669. 

NIOC: 

S 

NCAP: 

7 

IR  = 

415 

DI!G  = 

0.73795E-05 

TIME  = 

83303. 

NIOC: 

4 

HCAP  = 

2 

IR  = 

416 

0M3= 

0.26318E-05 

TIME  = 

97907. 

NLOC= 

5 

NCAP= 

1 

IR  = 

417 

0MG  = 

0.  I4670E-03 

. TIME: 

93665. 

NLOC  = 

4 

tlCAP= 

54 

IR  = 

418 

DUG: 

0. 1  1962E-03 

TIME: 

92406. 

NLOCs 

5 

NCAPs 

44 

IR  = 

419 

0MC-  = 

0.54417E-04 

TIME: 

93742. 

NLOCs 

5 

NCAP  = 

20 

IR  = 

420 

DUG: 

0.55986E-05 

TIME: 

99990. 

NLOCs 

4 

NCAPs 

2 

IR  = 

421 

DUG* 

0.81818E-05 

T  IME  = 

92258. 

NLOC  = 

6 

NCAPs 

3 

IR  = 

422 

0I1G  = 

0.17055E-06 

TIME: 

112958. 

NLOCs 

5 

NCAPs 

0 

IR  = 

423 

oriGs 

O.G2252E-07 

TIME: 

95759. 

NLOCs 

2 

NCAPs 

0 

IR  = 

424 

di:g= 

0 . 55930E-05 

TIME  = 

104066. 

NLOCs 

5 

NCAP= 

2 

IR  = 

425 

0f!3  = 

0. 3260(6-04 

TIME: 

144794. 

NLOCs 

3 

NCAPs 

12 

IR  = 

426 

0NG  = 

0.  16450E-06 

TIME  = 

113312. 

NIOC: 

4 

NCAPs 

0 

IP  = 

427 

0115  = 

0. 74621E-05 

TIME: 

8C023. 

NIOC: 

5 

NC4P= 

2 

IR  = 

428 

DHG  = 

0.35324E-04 

TIME: 

1  36763. 

NLOCs 

5 

NCAP= 

13 

IP  = 

429 

0t;3= 

0.22829E-03 

TIME: 

105215. 

NLOCs 

4 

NCAP  = 

84 

IR  = 

430 

0113= 

0.27169E-05 

TIME: 

1 1 7393. 

tlLPCs 

5 

NCAP  = 

1 

IR  = 

431 

0113  = 

0.S2252E-07 

TIME: 

95759. 

NLOCs 

2 

NCAPs 

0 

I»  = 

432 

0113  = 

0.27256E-04 

TIME: 

97717. 

NLOC  = 

5 

NCAP= 

10 

IR  = 

433 

0113  = 

0.1 3S3=E-04 

TIt1E  = 

116677. 

NLOCs 

6 

NCAPs 

5 

IR  = 

434 

0t!G  = 

0.40339E-04 

TIME: 

90310. 

NLOCs 

5 

NCAPs 

15 

IR  = 

435 

0113  = 

0 . 20664E -  0  3 

TIME: 

120303. 

NLOCs 

5 

NCAPs 

76 

IR  = 

4  36 

0113  = 

0.604SSE-03 

TIME: 

142130. 

NLOC  = 

3 

NCAPs 

0 

IR: 

437 

0113  = 

0. 16450E-06 

TIME: 

94742. 

NLOCs 

4 

NCAPs 

0 

IR  : 

433 

0MG= 

0 . 1 1 427E-03 

TIME: 

1 14506. 

NLOCs 

5 

NCAPs 

42 

IR  = 

439 

0113= 

0.83970E-05 

TIME: 

116930. 

NLOCs 

5 

NCAPs 

3 

IR: 

440 

0M3= 

0. 10176E-04 

TIME: 

95107. 

NLOCs 

4 

NCAPs 

3 

IR  = 

441 

0113= 

0.21 734E-04 

TIME  = 

103356. 

NLOCs 

3 

NCAPs 

8 

IRs 

442 

0113  = 

0. 16465E-04 

Trues 

(10310. 

NLOCs 

5 

NCAPs 

6 

IP* 

443 

DI13  = 

0.65234E-04 

TIME: 

116409. 

NLOC  = 

5 

NCAPs 

24 

IR  = 

444 

0113  = 

0 .271 74E-04 

TIME: 

134141 . 

NLOCs 

2 

NCAPs 

10 

IR  = 

445 

D1IG  = 

0.65214E-04 

TItlEs 

88703. 

NLCC  = 

4 

NCAPs 

24 

IR  = 

446 

0113  = 

0.83147E-05 

TIME: 

94743. 

NLOCs 

4 

NCAPs 

3 

IR  = 

447 

0113  = 

0.67913E-04 

TIME  = 

93675. 

NLOCs 

5 

NCAPs 

25 

IR  = 

448 

0113  = 

0.40333E-04 

TIME: 

95654. 

NLOC  = 

4 

NCAPs 

15 

IRs 

449 

0113  = 

0. 15460E-04 

TIME: 

100678. 

NLOCs 

5 

NCAPS 

5 

IPs 

450 

0113  = 

0.8232EE-05 

TIME: 

96152. 

NLOCs 

3 

NCAPs 

3 

IR 

-*51 

0113  = 

0. 16471E-04 

TIME: 

90834. 

NLOCs 

6 

NCAPs 

6 

IRs 

452 

Df1G  = 

0 . 55160E-05 

TItlE  = 

99351 . 

NLCC  = 

3 

NCAPs 

2 

IR 

453 

OtIGs 

0 . 1 0949E-04 

TIME: 

90484. 

NLOC  = 

3 

NCAPs 

4 

IRS 

454 

0113  = 

0 . 46  355E -04 

TIME: 

106699. 

NLOCs 

5 

NCAPS 

17 

IRs 

455 

011G  = 

0.  I0532E-03 

TIME: 

99858. 

HlOC  = 

6 

NCAPs 

38 

IR: 

456 

OtIGs 

0.57216E-04 

TIME: 

105683. 

NLOC  = 

4 

NCAPs 

21 

IRs 

457 

0115  = 

0.67I55E-10 

TIME: 

1 1 1808. 

NLOCs 

3 

NCAPs 

0 

IRS 

458 

OtIGs 

0. 33I99E-04 

TIME: 

103492. 

NLOC  = 

4 

NCAPs 

14 

IRS 

459 

OtIGs 

0 . 2 1 740E-04 

TIt1E  = 

10091 1 . 

NLOCs 

7 

NCAPs 

8 

IRS 

460 

0113  = 

0.62252E-07 

TIME: 

95759. 

NLOCs 

2 

NCAPs 

0 

IRs 

461 

DUG: 

0. 13772E-03 

TIME  = 

90976. 

NLOC  = 

5 

IICAPs 

50 

IRs 

462 

OtIGs 

9.271 75E-05 

TIME: 

106341 . 

NLOCs 

6 

NCAPs 

1 

IRS 

46  J 

OtIGs 

9. 19999E-04 

TIME: 

97733. 

NLOC  = 

3 

NCAPs 

7 

IRs 

464 

OtIGs 

9.1281 3E-04 

TIME  = 

88307. 

NLOCs 

4 

NCAPs 

4 

IRS 

465 

0113= 

9.97967E-04 

TIME: 

113012. 

NLOCs 

5 

NCAPs 

34 

IRS 

466 

ones 

9. 1 103IE-04 

TIIIEs 

93491 . 

NLOCs 

4 

NCAPs 

4 

IRs 

467 

011G  = 

9.13830E-04 

TIME: 

120192. 

NLOC  = 

5 

NCAPs 

S 

IRs 

468 

OtIGs 

0.20104E-03 

TIME: 

129100. 

NIOC: 

2 

NCAPs 

74 

IRs 

469 

011G  = 

0.1 3672E-04 

TIME  = 

103841 . 

NLOCs 

5 

NCAPs 

5 

IR  = 

470 

0MG= 

0.288I2E-05 

TIME  = 

945C5. 

NLOCs 

4 

NCA^s 

1 

70 
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IR* 

471 

DMG*  0.63970E-05 

TIME: 

117845. 

NLOC* 

5 

MCAP* 

■J 

IR* 

472 

DUG:  0.2I89SE-04 

times 

94757. 

NLOC* 

4 

NCAP* 

8 

IR  = 

473 

DUG:  0.26812E-05 

times 

93486. 

N10C  = 

4 

NCAP* 

1 

IR  = 

474 

DMG=  0. I6465E-04 

times 

115324. 

HLOC  = 

S 

♦ICAPs 

6 

IR* 

475 

DMG  =  0.29635E-05 

TIMES 

115295. 

NLOC  = 

5 

NCAP: 

1 

IR  = 

476 

DUG:  0.83I47E-05 

TIMES 

103937. 

NIOC* 

4 

NCAP* 

J 

1R  = 

477 

OMG:  0.40915E-04 

TIME: 

103480. 

NIOC* 

4 

NCAP* 

IS 

IR: 

4  70 

0115=  0.42615E-04 

TIME  = 

90280. 

H10C  = 

3 

MCAP* 

15 

IR  = 

479 

DUG:  0.63147E-0S 

TIME  = 

113318. 

MLOC  = 

4 

MCAP= 

3 

IR  = 

460 

OMG=  0 . 54499E-04 

TIME: 

109321 . 

I110C  = 

5 

MCAP* 

20 

IR  = 

431 

DMG=  0.0 

TII1E  = 

63493. 

I1L0C  = 

1 

MCAP: 

0 

IR: 

482 

DMS=  0.2189SE-04 

TIME: 

93499. 

MLOCs 

4 

MCAP: 

6 

IR: 

483 

0MG=  0 . 2 1 045E-04 

TI(IE  = 

100073. 

HLOC  = 

4 

MCAP: 

7 

IR: 

464 

DMG=  0 . 1 00o0E-03 

TIME  = 

96936. 

N10C  = 

5 

NCAP  = 

37 

IR: 

465 

D MG=  0.40333E-04 

TIME: 

95652. 

tllOC* 

5 

MCAP: 

15 

IR: 

466 

OMG:  0.54395E-05 

TIME: 

91901 . 

tlLOC* 

5 

NCAP: 

2 

IR: 

-.67 

DM3*  0 . 1 3748E-04 

TIME: 

121767. 

NIOC* 

5 

MCAP: 

5 

IR  = 

466 

OMG:  0.6I590E-04 

TIME: 

96990. 

NLOC* 

6 

MCAp: 

30 

IP: 

459 

OMG:  0.1 1 0 31 E -04 

TIhEs 

03491  . 

MLOCs 

4 

MCAP: 

4 

IR: 

490 

OMG:  0 . 1 0C68E -03 

TIMES 

120536. 

NLOC* 

7 

MCAP: 

37 

IP  = 

491 

DMG=  0.1017SE-04 

TIMES 

95107. 

MLOCs 

4 

MCAP: 

3 

R  : 

492 

OMG:  0.I3049E-03 

TIMES 

94193. 

MLOC  = 

4 

MCAP: 

48 

1 R  = 

493 

OMG:  0.191 05E-04 

TIME: 

106834. 

MLOCs 

6 

MCAP: 

7 

IR  = 

494 

OMG=  0. 10°49E-04 

TIHEs 

90434 . 

MLOCs 

3 

MCAP: 

4 

19  = 

495 

0113=  0.19I62E-04 

TIMES 

103944. 

MLOC  = 

4 

MCAP: 

7 

IR: 

496 

DMG=  0 . 1 2098E-07 

TIMES 

114435. 

MLOCs 

5 

MCAP: 

0 

IP: 

497 

CMG=  0.70717E-04 

TI(1E  = 

100160. 

MLOCs 

4 

MCAP: 

26 

IR  = 

4  9  S 

DMG=  0 . 54499E-04 

TIMES 

109073. 

MLOCs 

5 

MCAP: 

20 

IR: 

499 

DM3=  0.I6465E-04 

TIME  = 

93495. 

MLOCs 

4 

MCAP: 

6 

IR: 

500 

OMG=  0 . 1 0060E-03 

TIMES 

102142. 

MLOCs 

5 

MCAP: 

37 

IP  = 

501 

0MG=  0.43556E-04 

TIMES 

99817. 

MLOCs 

6 

NCAP: 

16 

IR: 

502 

DM3=  0 . 1 3749E-04 

TIME* 

99418. 

NLOC* 

4 

NCAP: 

5 

IR: 

503 

DMG=  0 . 1 6457E-06 

TIMES 

63453. 

NLOC* 

4 

MCAP: 

0 

IR: 

504 

0MG=  0.62579E-04 

TIME  = 

101082. 

NLOC* 

5 

NCAP: 

23 

IR: 

505 

DMG=  0.25537E-03 

TIMES 

165122. 

Ml  DC* 

3 

NCAP: 

94 

IR  = 

506 

0MG=  0.46197E-04 

TIMEs 

94066. 

MLOCs 

7 

NCAP: 

17 

IR  = 

507 

CM3=  0. 1202SE-04 

TIME: 

108318. 

MLOCs 

6 

MCAP: 

4 

IR: 

503 

0(13=  0.2799IE-05 

TIMES 

101849. 

MLOCs 

4 

MCAp: 

1 

IP: 

509 

OM3=  0 . 831 47E-05 

TIMES 

92404. 

MLOC  = 

4 

NCAP: 

3 

IR  = 

510 

0113=  0.11482E-03 

TIME  = 

143002. 

ML0C  = 

5 

MCAP: 

44 

IP: 

51 1 

CMG=  0.46627E-05 

TIMES 

93538. 

NLOC  = 

5 

MCAP: 

1 

IR  = 

512 

DM.3=  0 . 55cSGE-05 

TIME: 

87732. 

MLOC  = 

4 

MCAP: 

2 

IP: 

513 

0MG=  0.82252E-07 

TIME: 

05759. 

MLOCs 

2 

MCAP: 

0 

IR: 

514 

0113=  0.1C-C03E-03 

TIME  = 

99427. 

MLOC  = 

9 

NCAP: 

67 

IR: 

515 

0MG=  0.65201E-04 

TI1IE  = 

110105. 

MlOC  = 

7 

MCAP: 

24 

IR: 

516 

OMG=  0.11031E-04 

TIME  = 

103933. 

MlOC  = 

4 

NCAP: 

4 

IP: 

517 

0115=  0.48907E-04 

TIME* 

116292. 

NLOC* 

6 

NCAP: 

18 

1R  = 

518 

0113=  0 . 2  3762E-04 

TIME* 

103000. 

NLOC  = 

5 

NCAP: 

0 

IR: 

519 

DUG:  0 .6048CE-08 

TIME* 

105554. 

NlOC  = 

S 

NCAP: 

0 

IR* 

520 

OMG=  0.35342E-04 

TIME* 

92110. 

NLOC* 

8 

MCAP: 

13 

IR* 

521 

0115=  0.76I51E-04 

TIME* 

93;  81  . 

MLOC  = 

3 

MCAP: 

28 

IR* 

522 

0115=  0. 354S2E-04 

TIME* 

95085. 

NLOC  = 

4 

NCAP: 

13 

IRs 

523 

OHG=  0.83147E-05 

TIME* 

1 01  955 . 

NIOC* 

5 

NCAP* 

3 

IR® 

529 

0M3=  0 . 92  375E-04 

TIME* 

905O4. 

NLOC* 

7 

NCAP* 

34 

IRs 

525 

OMG:  0 . 42 779E-04 

TIME* 

106303. 

NLOC: 

4 

NCAP* 

15 

IRs 

526 

OMG=  0.55I60E-05 

TIME* 

99351 . 

MLOC  = 

3 

NCAP* 

2 

IRs 

527 

DMG=  0 . 1 374SE-04 

TIME* 

95765. 

MLOC* 

4 

NCAP* 

5 

IRs 

523 

OMG=  0.55I57E-05 

TIME* 

05762. 

MLOC= 

2 

NCAP* 

2 

IR: 

529 

0I1G=  0.C799IE-05 

TIME* 

90795. 

MlOC  = 

4 

NCAP* 

1 

IR: 

530 

DMG=  0 . 1 5C2IE -03 

TIME* 

66834. 

MLOC  = 

4 

NCAP* 

56 

71 


NWC  TP  6305 
Table  5  (Contd.) 


IR  = 

551 

OMG  = 

0.12901E-04 

TIME1 

109823. 

NLOCs 

« 

NCAP= 

IP  = 

532 

DM6 = 

0.40833E-04 

TIME1 

133619. 

NtOC= 

8 

NCAP= 

15 

I  P  = 

5  53 

DM6 = 

0. 12692E-03 

TIME  = 

88063. 

NLOCs 

4 

HCAP= 

46 

IP  = 

534 

DNG= 

0 . 24537E-04 

TIME* 

94626. 

NLOCs 

S 

NCAP: 

9 

IP  = 

535 

DMG= 

0.70636E-04 

TI11E  = 

88608. 

NLOCs 

4 

NCAP= 

26 

IP  = 

536 

DMG= 

0 . 1  37-+3E-04 

TIME: 

95070. 

NLOC  = 

4 

NCAP= 

5 

I?  = 

537 

DM3: 

0.63970E-05 

tihe  = 

120ISS. 

lUOCs 

5 

NCAP= 

3 

535 

DM3  = 

0.660SCE-05 

T IME  = 

1 14370. 

NLOCs 

5 

NCAP  = 

1 

IP: 

534 

0M3- 

0.21S35E-04 

Tir»E= 

101392. 

NLOC  = 

6 

NCAP  = 

8 

IP: 

540 

0K3  = 

0 .4091 5E -04 

TIME  = 

109239. 

NLOC  = 

4 

NCAP= 

15 

IP  = 

541 

DM3  = 

0.2E312E-05 

TIME: 

93320. 

NLOCs 

5 

NCAP= 

1 

IC; 

542 

0M.3= 

0.32533E-09 

TIME  = 

90097. 

NLOCs 

4 

NCAP= 

0 

IP  = 

54  3 

or:s= 

0. 35330E-0* 

T  IME  = 

91257. 

NLOC  = 

5 

NCAP: 

13 

I?: 

54-» 

DM3: 

0.82252E-07 

TIME3 

95759. 

NLOCs 

2 

NCAP= 

0 

J~  = 

5-.S 

DM3: 

0.27  355E-05 

T  IflE  = 

91754. 

NLOCs 

5 

NCAP  = 

1 

I-  = 

545 

DM5  = 

0.55430E-05 

TIME  = 

95065. 

Ml  OC  = 

4 

NCAP  = 

*» 

4. 

IP  = 

547 

0M3  = 

0. ls67IE-03 

TIME: 

93193. 

NLOCs 

7 

NCAP  = 

54 

IP  : 

548 

0M3= 

0.62-.S5E-04 

TIME  = 

1 16333 . 

NLOC  = 

1 

NCAP  = 

23 

1-2 

549 

DUG  : 

0.1 7352E-03 

TIME: 

93^53. 

NLOCs 

6 

NCAP: 

64 

IP  = 

550 

Of’G  = 

0.H7577E-05 

T1M£  = 

9o'»06  . 

NLOCs 

5 

NC4P= 

1 

IP  : 

551 

DMS  = 

0.2390SE-03 

TIM£  = 

162995. 

NIOC: 

4 

NCAP  = 

68 

IP: 

552 

or.  3= 

0.S5930E-05 

T  IME  = 

95759. 

NLOCs 

4 

NCAP: 

I  -  : 

553 

Df'G= 

0.5  .-.5--E-0S 

TIME  = 

6366  3. 

NLOC  = 

4 

NCAP= 

.. 

I?  = 

554 

0M3  = 

0.25537E-03 

TIME: 

1  30°-.  3. 

ML  OC  = 

6 

NCAP  = 

94 

IP  = 

555 

dng= 

0 . 55 1 57E -05 

TIME: 

109739. 

NLOCs 

3 

NCAP  = 

2 

102 

556 

o::g= 

0.-.3633E-04 

TIME: 

1 12632. 

NIOC: 

5 

NCAP: 

16 

15  = 

557 

DM3  = 

0. 16401E-04 

TIME: 

105441 . 

NLOCs 

5 

NCAP: 

6 

IP  = 

553 

or:G= 

0.45901E-04 

TIME: 

100557. 

NLOCs 

4 

NCAP: 

18 

I=  = 

559 

Dr.3  = 

0. 16S47E-04 

TIME: 

120512. 

NLOCs 

5 

NCAps 

6 

IP  = 

560 

or:3= 

0.1E465E-04 

TIHE  = 

92410. 

NLOC  = 

4 

NCAP: 

6 

IP: 

561 

DMG= 

0.61621E-03 

TIMES 

116670. 

N10C  = 

5 

NCAP: 

0 

I  3  : 

562 

OMG  = 

0.46349E-04 

TIMES 

104771 . 

NLOCs 

4 

NCAP: 

17 

1 3  = 

563 

DM3= 

0 . 70641 E-04 

TIME  = 

95752. 

NLOCs 

4 

NCAP: 

26 

IP  = 

564 

DMG  = 

0 , 4  36  32E -04 

TIMES 

9.61 1  . 

NIOC  : 

4 

NCAP  = 

16 

IP  = 

565 

DM3  = 

0 . 82252E-07 

TIMES 

1  1  7591  . 

Ml  OC  = 

3 

NCAP: 

0 

IP  = 

5o6 

DN3  = 

0.E2252E-07 

TIME  = 

1 22604 . 

NLOCs 

2 

NCAP  = 

0 

IP  = 

567 

DM3  = 

0. 3J034E-04 

TIMES 

03516. 

NLOCs 

4 

NCAP  = 

14 

IP: 

566 

DMG  = 

0. 19061E-04 

TIMES 

100334. 

NLOCs 

8 

NCAP  = 

7 

IP  = 

569 

OrtG  = 

0.55730E-05 

TIMES 

91122. 

NLOCs 

4 

NC  A  P  = 

2 

IP  = 

570 

Dr:3= 

0 . 2  3652E -03 

TIMES 

02193. 

NL0C  = 

3 

NCAP  = 

87 

IP: 

571 

ONG  = 

0.57I40E-04 

TIME: 

1  19203. 

Ml  OC  s 

5 

NCAP: 

21 

I2  = 

572 

DMG  = 

0 . 20C63E -04 

TIMES 

09436 . 

NLOCs 

4 

NCAP  = 

7 

IP: 

573 

dmg= 

0.5S°30E-05 

TIMEs 

05065. 

NLOCs 

4 

NCAP  = 

IP  = 

574 

OMG  = 

0. 10=05E-03 

IIIlEs 

90630. 

NlOC  = 

6 

NCAP: 

39 

IP  = 

5  75 

OMG  = 

0.2IS99E-04 

TIMES 

99O01  . 

NLOC  = 

4 

NCAP  = 

a 

IP  = 

576 

DMS  = 

0 . 1  0 1  9  7  E  -  04 

TIME® 

105291 . 

NLOCs 

5 

NCAP  = 

3 

15  = 

577 

DMG= 

0.52252E-07 

TIMEs 

93631  . 

NLOC  = 

3 

NCAP: 

0 

15  = 

578 

or«= 

0.21 931 E-04 

TIME* 

02*21 1 . 

NLOCs 

5 

NCAP: 

8 

IP: 

57* 

DttG= 

0.0 

IIIlEs 

looroo. 

NLOC  = 

6 

NCAP: 

0 

IR= 

580 

DMG= 

o.imoc-oi 

TIME* 

122601  . 

NLOC  = 

6 

NCAP* 

41 

IP: 

551 

DttG= 

0.02509E-07 

TIME  = 

87693. 

NLOCs 

5 

NCAP: 

• 

15  = 

582 

0f13= 

0.3319«E-04 

TIMES 

94606. 

NLOCs 

4 

NCAP* 

14 

15  = 

581 

0M5= 

0.29S96E-04 

TIMEs 

102675. 

NLOC  = 

7 

NCAP: 

II 

:c= 

584 

orts= 

0. 1 35°6E-04 

TIMEs 

98304. 

NLOCs 

6 

NCAP: 

5 

!5  = 

585 

DM3= 

0.83147E-05 

TIME  = 

111741 . 

NLOCs 

4 

NCAP: 

3 

:p= 

585 

DMG= 

0.54499E-04 

TIME  = 

95097. 

NIOC: 

4 

NCAP: 

20 

:p  = 

587 

DMG  = 

0.6048SE-03 

TIMEs 

142100. 

NLOC  = 

3 

NCAP: 

0 

I  P  = 

583 

DM6 = 

0. 1821  IE-03 

TIME  = 

1 19999. 

NlOC  = 

5 

NCAP: 

67 

IP  = 

569 

DM3  = 

0. 19I82E-04 

T1ME  = 

94595. 

NLOC  = 

4 

NCAP: 

7 

15  = 

590 

DMG= 

0. 10324E-03 

TIME: 

106337. 

NL0C  = 

5 

HCA*= 

36 
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IR* 

591 

DMG* 

0.16471E-04 

TIME: 

112534. 

NIOC* 

5 

NCAP* 

b 

IR  = 

592 

DMG= 

0.32766E-04 

TIME: 

118159. 

NIOC* 

4 

NCAP* 

12 

IR  = 

593 

DUG: 

0.48933E-04 

TIIIE  = 

93236. 

NIOC* 

5 

NCAP* 

18 

IR  = 

504 

DUG: 

0. I640IE-04 

TIME: 

111664. 

NIOC: 

6 

NCAP* 

6 

IR  = 

595 

DUG: 

0.13746E-04 

TIME: 

*2564. 

NLOCs 

4 

NCAP* 

5 

IR  = 

596 

DUG: 

0.8251  IE-07 

TI11E  = 

130304. 

NlOC  = 

4 

NCAP* 

0 

IR  = 

597 

0113= 

0 . 24451 E- 01 

TIME: 

116504. 

I1LOC: 

1 

NCAP* 

90 

IR  = 

5°8 

DUG: 

0.21  7-t0E-04 

TIME: 

OS670. 

NLOC  = 

4 

NCAP* 

8 

IR  = 

599 

DUG: 

0.40S34E-04 

TIME: 

94776. 

MLOC  = 

4 

NCAP* 

15 

IR  = 

600 

oriG= 

0.27220E-05 

TIME: 

91063. 

moc= 

4 

NCAP= 

1 

IP  = 

601 

DUG: 

0. 16465E-04 

TIME: 

1035-«2. 

mloc= 

4 

NCAP* 

6 

IP: 

602 

DMG= 

0. 13740E-04 

TIME: 

925°2. 

NIOC* 

5 

NCAP  = 

5 

IR  = 

603 

DUG: 

0.27256E-04 

TIME: 

97717. 

MLOC: 

5 

NCAP= 

10 

IR  = 

604 

D613= 

0.83I47E-05 

TIME: 

89330. 

NLOC: 

4 

NCAP* 

3 

IP: 

605 

DMG  = 

0.  I2977E-04 

TII1E  = 

120549. 

MLOC: 

5 

NCAP* 

4 

IP: 

606 

P11G  = 

0. 1096SE-04 

TI11E  = 

87763. 

NLOC  = 

4 

NCAP  = 

4 

IR: 

607 

0MG  = 

0.62252E-07 

TIME: 

122304. 

NLOC: 

2 

NCAP= 

0 

IR: 

603 

DNG  = 

0.61 160E-08 

TIME: 

104047. 

NlOC  = 

4 

NCAP  = 

0 

IP: 

609 

0115= 

0.21 6c5E-04 

TIME: 

<=4757. 

IILOC: 

4 

IICAP: 

8 

IP  = 

610 

DKG: 

0 . 5s  337E-0S 

TIME: 

103333. 

NLOC  = 

2 

NCAP* 

2 

IR: 

611 

DMG  = 

0.1 3590E-04 

TIME: 

101035. 

NLOC: 

6 

NCAP  = 

5 

IP  = 

612 

0113  = 

0.1 3322E-03 

TIME: 

104-415. 

NLOC: 

6 

NCAP: 

49 

IR: 

oil 

DUG: 

0 . 2  3592E-04 

TIME: 

102472. 

NLCC  = 

4 

NC  AP  = 

8 

IR: 

614 

DUG: 

0 . 2275 1 E-04 

TIME: 

05030. 

NLOC: 

6 

NCAP: 

7 

IR: 

615 

D1!G  = 

0 . 43633E-04 

TIME: 

91045. 

NLOC: 

4 

NCAP: 

16 

IR  = 

616 

DUG: 

0 .625  79E-04 

TIME: 

114366. 

MLOC: 

6 

NCAP: 

23 

TO; 

617 

0113  = 

0.24615E-04 

TU1E  = 

94614. 

NLOC: 

4 

NCAP: 

9 

IR: 

618 

DUG: 

0.81503E-05 

TIME: 

95171. 

NLOC  = 

4 

NCAP  = 

1 

IR: 

619 

DUG: 

0.24615E-04 

TIME: 

116020. 

NIOC: 

3 

NCAP: 

9 

IR: 

620 

0113  = 

0.45605E-05 

TIME: 

92827. 

NLOC: 

6 

NCAP: 

1 

IR: 

621 

Dt1G= 

0 . 54337E-05 

TIME: 

97495. 

NLOC: 

5 

NCAP= 

Z 

IP: 

(22 

0113  = 

0 . 1 5530E-04 

TIME: 

67835. 

NLOC  = 

4 

NCAP: 

5 

IR: 

623 

D11G  = 

0. 72976E-05 

TIIIE  = 

104264. 

NLOC: 

5 

NCAP: 

-9 

4. 

IR: 

624 

ohg= 

0.82252E-07 

TIME: 

95759. 

NLOC  = 

2 

NCAP= 

0 

IR: 

625 

DUG: 

0.16383E-04 

TIME: 

102336. 

NLOC  = 

4 

NCAP: 

6 

IR  = 

626 

0116= 

0.1 16S3E-03 

TIME  = 

115701 . 

NLOC: 

6 

NCAP: 

43 

IR  = 

627 

D1'3  = 

0. 19105E-04 

TIME: 

100552. 

NlOCs 

S 

NCAP* 

7 

IR  = 

o28 

0113= 

0. 16762E-03 

TIME: 

1009h5. 

IILOC: 

4 

NCAP: 

69 

IR  = 

629 

0t1G  = 

0.82252E-07 

TIME: 

95759. 

NLOC  = 

2 

NCAP: 

0 

IR  = 

6  30 

0113  = 

0.0 

TIME: 

°02-<0. 

N10C  = 

NCAP: 

0 

IR: 

631 

0113  = 

0.27228E-05 

TIME: 

=2205. 

NLOC: 

4 

NCAP: 

1 

IR: 

6  32 

DI1G  = 

0 . 2  79C0E -05 

TIME: 

87873. 

NLOC: 

3 

NCAP: 

1 

IR: 

633 

0113  = 

0 . 40  763E-04 

TIME: 

936 1 0 . 

NLOC: 

5 

NCAP: 

15 

IR  = 

634 

DH3  = 

0. 16465E-04 

TIME: 

9o14l  . 

I1LCC  = 

3 

NCAP* 

6 

IR  = 

6  35 

onG= 

0.73352E-04 

TIME: 

130367. 

NLOC  = 

2 

IICAP: 

27 

IR: 

636 

DMG  = 

0.62327E-05 

TIME: 

105112. 

NLOC  = 

3 

IICAP* 

3 

IR: 

637 

01IG: 

0. 32765E-04 

TIME: 

93072. 

NLOC: 

4 

NCAP* 

12 

IR: 

638 

OMG= 

0 . 1 91 82E-04 

TIME: 

133  367. 

NLOC  = 

4 

NCAP* 

7 

IR: 

639 

DUG* 

0.62S67E-04 

TIME: 

99383. 

NLOC  = 

3 

IICAP* 

23 

IR: 

640 

tms* 

0. I0949E-04 

TIME: 

1097-41. 

NLOC: 

3 

IICAP* 

4 

IR: 

641 

DM5= 

0.29635C-05 

TIME: 

1 16927. 

NLOC  = 

5 

NCAP* 

1 

IR  = 

642 

0613= 

8.29972E-04 

TIME: 

100534. 

NLOC  = 

5 

NCAP* 

It 

IR: 

643 

ohg= 

8.  1 169SE-03 

TIME: 

92113. 

NLOC: 

3 

NCAP* 

43 

IR  = 

644 

DUG: 

0.32601E-04 

TIME: 

1  16363. 

NLOC: 

1 

NCAP* 

12 

IR  = 

645 

DMG* 

0.55550E-05 

TIME: 

93656. 

NLOC: 

5 

NCAP* 

2 

IR: 

646 

0113= 

0.55I58E-05 

TIME: 

102329. 

NL0C  = 

4 

NCAP: 

2 

IR  = 

647 

0113= 

0. 19105E-04 

TIME: 

112136. 

IILOC: 

6 

IICAP: 

7 

IR: 

648 

0t1G  = 

0. 1 3666E-04 

TIME: 

99357. 

NLOC: 

3 

NCAP: 

5 

IP  = 

649 

01!G  = 

0.96949E-04 

TI11E  = 

93;.15. 

NIOC: 

6 

NCAP: 

35 

IR  = 

650 

0113  = 

0.21 746E-04 

T1ME  = 

1 11552. 

NLOC5 

6 

NCAP: 

8 

73 
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IR  = 

651 

OHG: 

0.83I47E-05 

TIHE  = 

1221. 

NLOC: 

4 

NCAP: 

IR: 

652 

DMG: 

0.271 79E-04 

TIME: 

115047. 

NLOC  = 

6 

NCAP: 

10 

IR: 

653 

DUG: 

0.45S05E-05 

TIME  = 

92827. 

NLOC: 

6 

NCAP: 

1 

IR  = 

654 

or.G= 

0 . 55°S0E-05 

TIME  = 

89356. 

NLOC  = 

4 

NCAP: 

*» 

IP  = 

655 

DUG: 

0 . 97602E-04 

TIME: 

113603. 

NLOC  = 

6 

NCAP: 

36 

IR: 

656 

DMG  = 

0.1 1 1 19E-09 

TIME: 

119021. 

NLOC: 

5 

NCAP: 

4 

IR  = 

657 

DM3: 

0.271 73E-04 

TIME: 

137914. 

NLOC: 

5 

NCAP: 

10 

IR  = 

650 

DMG: 

0. I9I02E-O4 

TIME: 

103944. 

NLOC  = 

4 

NCAP: 

7 

IR: 

659 

DMG= 

0.S45S3E-05 

TIME: 

90429. 

NLOC  = 

5 

NC4r= 

2 

IR  = 

660 

OMG  = 

0 . 20c6  3E-04 

TIME: 

99406. 

NLOC  = 

4 

NCAP: 

7 

IR: 

661 

DM3: 

0 .6450  3E-05 

TIME: 

93203. 

NLOC  = 

5 

NCAP: 

1 

IR: 

662 

DM3: 

0.2S3I2E-05 

TIME  = 

92401 . 

HLOC  = 

4 

NCAP: 

1 

IR: 

663 

DM3: 

0. 4 34 74 E- 04 

TIME  = 

09775. 

NLOC  = 

5 

NCAP: 

16 

IR: 

669 

DMG: 

0.604S5E-00 

TIME: 

93493. 

NLOC: 

4 

NCAP  = 

0 

IR: 

655 

DM3: 

0.1  35S-.E-04 

TIME: 

89755. 

NLOC  = 

5 

NCAP: 

5 

IR: 

666 

DM3  : 

0.23762E-04 

TIME: 

95116. 

NLOC: 

4 

NCAP: 

8 

IP: 

66  7 

0M3  = 

0.19162E-04 

TIME: 

99099. 

NLCC  = 

4 

NCAP: 

7 

IR: 

663 

0M3  = 

0.55930E-05 

TIME: 

1 1 3316. 

NLOC: 

4 

NCAP: 

2 

IR: 

669 

DM3  = 

0. 123I3E-04 

TIME: 

94393. 

NLOC  = 

5 

NCAP: 

4 

IR: 

6  70 

0M5  = 

0.35-.7SE-04 

TIME: 

106017. 

NLOC: 

6 

MCAP: 

1  1 

IR: 

671 

DM3: 

0 . 2C3  35E -05 

TIME  = 

120105. 

NLOC: 

5 

NCAP: 

1 

IP: 

672 

CM3: 

0. 35324E-04 

TIME: 

100703. 

NLOC: 

5 

NCAP: 

1  3 

IR: 

673 

0M3  = 

0. 30199E-04 

TIME: 

95036. 

NLOC: 

4 

NCAP: 

14 

IP  = 

6  79 

CM3: 

0.559COE-OS 

TIME: 

147250. 

NLOC: 

4 

NCAP: 

2 

IR: 

675 

DM3: 

0.461 97E-04 

TIME: 

105719. 

NLOC  = 

6 

NCAP: 

17 

IP: 

676 

DM3: 

0. 1OI02E-04 

TIME: 

95074. 

NLOC  = 

4 

NCAP: 

7 

IR: 

677 

DM3: 

0.6I505E-05 

TIME: 

1  1  1554. 

NLOC: 

4 

NCAP: 

3 

IR: 

670 

DMG: 

O.19I02E-O4 

TIME: 

08761 . 

NLOC: 

4 

NCAP: 

7 

IR: 

679 

DM3: 

0. 268106-05 

TIME: 

80356. 

NLOC  = 

4 

NCAP: 

1 

IR: 

600 

DMG: 

0.25012E-05 

TIME: 

103933. 

NLOC: 

4 

NCAP: 

1 

IP: 

631 

ON  G: 

O.5S157E-0S 

TIME  = 

104228. 

NLOC: 

3 

NCAP: 

2 

IP: 

662 

DM3  = 

0 . 1 6465E-04 

TIME: 

1 1 5796. 

NLOC2 

4 

N  CAP: 

6 

IR: 

663 

0M3  = 

0.6336SE-07 

TIME: 

102452. 

NLOC: 

4 

NCAP: 

0 

IR: 

6e9 

DM3: 

0 . 2C^6  76-04 

TIME: 

99367. 

NIOC: 

3 

NCAP: 

1 1 

IR: 

6  25 

DM3: 

0.S3147E-05 

TIME: 

113317. 

NLOC5 

4 

NCAP: 

3 

I  R  = 

606 

DMG: 

0. 1 946 OE -05 

TIME: 

93536. 

NLOC: 

5 

NCAP: 

0 

IR  = 

637 

DM.3: 

0 . 626-«9E-04 

TIME: 

109254. 

NLOC  = 

4 

NCAP: 

23 

IP: 

633 

DM3: 

0.40915E-04 

TIME: 

103957. 

NLOC: 

4 

NCAP: 

15 

IP: 

609 

DM3: 

0.4CC33E-04 

TIME: 

103325. 

NLOC  = 

4 

NCAP: 

15 

ID: 

6=0 

0M3= 

0.133236-03 

TIME: 

1 33927. 

NLOC: 

5 

NCAP: 

49 

IR: 

691 

0M3-- 

0. 3532-.E-04 

TIME: 

99560. 

NLOC: 

6 

NCAP: 

13 

IR: 

692 

DM3: 

0 . 2  7223E -05 

TIME: 

95722. 

NLOC: 

5 

NCAP: 

1 

IP: 

693 

DM3: 

0 . 76  2  33E  -04 

TIME: 

115500. 

NLOC  = 

4 

NCAP= 

20 

IR: 

699 

CM3: 

0.27167E-04 

TIME: 

112043. 

NLOC: 

4 

NCAP: 

10 

IR: 

695 

DM3: 

0 .  32  327E-05 

TIME: 

99353. 

NLOC  = 

3 

NCAP: 

3 

IR: 

696 

OMG= 

0.191 3IE-04 

TIME: 

106546. 

NLOC  = 

ft 

NCAP: 

7 

IR: 

697 

DUG: 

0.63147E-05 

TIME: 

95C67. 

NLOC: 

4 

NCAP: 

3 

IR  = 

69ft 

DMG: 

0.40033E-04 

TIME: 

102020. 

NLOC  = 

5 

NCAP: 

15 

-1R  = 

699 

OMG: 

0.301 99E -04 

TIME: 

90520. 

NLOC: 

4 

NCAP= 

14 

IR: 

700 

omg* 

0 . 73350E -04 

TIME: 

94443. 

NLOC: 

5 

NCAP: 

27 

IR: 

701 

OMG: 

0.47450E-05 

TIME: 

95103. 

NLOC: 

4 

NCAP: 

1 

IR  = 

702 

OMG: 

0 . 62*05E -  04 

TIME: 

081 70. 

NIOC: 

3 

NCAP: 

23 

IR: 

703 

DM3: 

0 . 22225E-03 

TIME: 

100471  . 

NLOC: 

6 

NCAP: 

02 

IR: 

705 

DMG  = 

0.7-.617E-05 

TIME: 

106279. 

NlOC  = 

5 

NCAP= 

2 

IR: 

705 

OMG  : 

0.62252E-07 

TIME: 

95759. 

NIOC: 

2 

NCAP: 

0 

IR  = 

706 

OMG: 

0 . 62649E -04 

TIME: 

100975. 

NLOC  = 

6 

NCAP: 

23 

-IR: 

707 

0M3  = 

0. 1 I031E-04 

TIME: 

93491  . 

MlOC  = 

4 

NCAP= 

4 

"  IR: 

703 

OMG: 

0.6264«E-04 

TIME: 

93729. 

NIOC: 

5 

NCAP: 

23 

IR: 

709 

0M3  = 

0. 18793E-07 

TIME: 

94250. 

NLOC: 

6 

NCAP: 

0 

IR: 

710 

DMG: 

0. 10060E-03 

TIME: 

93105. 

NLOC: 

4 

NCAP- 

74 
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IR: 

711 

OMG=  0.16465E-04 

TIME: 

93495. 

NIOC: 

4 

NCAP= 

0 

IR: 

712 

DMG=  0.56040E-05 

TIME: 

104061 . 

NLOC  = 

4 

NCAP: 

2 

IR  = 

713 

ONG=  0.20963E-04 

TIME: 

101742. 

NIOC: 

5 

NCAP: 

7 

IR  = 

714 

DM.G=  0. 1 103IE-04 

TIME: 

103933. 

NLOC: 

4 

NCAP: 

4 

IR: 

715 

DUG:  0 . 559S6E-05 

TI11E  = 

99890. 

NLOC  = 

4 

NCAR: 

2 

IR  = 

716 

OMG:  0.11 147E-03 

TIME: 

104601 . 

NLOC  = 

5 

NCAR: 

41 

IR: 

717 

Of  1G=  0.13672E-04 

TIME: 

108061 . 

N10C  = 

4 

NCAR: 

5 

IR  = 

718 

DMG=  0 . 1 71 24E-03 

TIME: 

95069. 

N10C  = 

4 

NCAP: 

63 

IR  = 

719 

DMG=  0.I9182E-04 

TIME: 

99399. 

NIOC: 

4 

NCAR: 

7 

IP  = 

770 

DM3:  0.27990E-05 

TIME: 

95761 . 

ULOC  = 

2 

NCAP: 

1 

IR  = 

721 

OMG:  0.11 147E-03 

TIME: 

92166. 

NLOC  = 

4 

NCAP: 

41 

IR: 

722 

OMG:  0. I6450E-06 

TIME: 

93434. 

NLOC: 

4 

NCAP  = 

0 

IR  = 

723 

OMG=  0.28111E-05 

TIME: 

112642. 

NIOC: 

5 

NCAP: 

1 

IR  = 

724 

DM3=  0. 19182E-04 

TIME: 

95074. 

NLOC  = 

4 

NCAP: 

7 

IR  = 

725 

DM3  =  0.43550E-04 

time: 

94426. 

HLOC  = 

3 

NCAP: 

16 

IR  = 

726 

or:-:  0.82252E-07 

TIME: 

103733. 

NLOC: 

4 

NCAR: 

0 

IR  = 

72  7 

0M3=  0.84225E-04 

TI11E  = 

99262. 

NLOC: 

5 

NCAP  = 

31 

IR  = 

728 

OMG:  0.126«5E-04 

TIME: 

94704. 

NLOC  = 

5 

NCAP: 

4 

IR  = 

729 

DN3=  0 . 1 9460E-05 

TIME: 

100150. 

NLOC  = 

5 

NCAP: 

0 

TR  = 

730 

DM3=  0 . 7SQ50E-04 

TIME: 

120697. 

NLOC  = 

5 

NCAP: 

29 

3R  = 

731 

DM3:  0 .24539E-04 

TIME: 

101408. 

NLOC  = 

5 

NCAR: 

9 

IP 1 

732 

OM 3=  0.21816E-04 

TIME: 

97429. 

NLOC: 

4 

NCAP: 

8 

1R  = 

733 

DM3:  0.29S54E-03 

TIME: 

116541 . 

NLOC: 

1 

NCAP: 

110 

IP  = 

734 

DM3=  0.552ICE-05 

TIME: 

115510. 

NLOC: 

4 

NCAP= 

2 

IR  = 

735 

DM3=  0.11 664E-03 

TIME: 

89914. 

NLOC  = 

5 

NCAP: 

43 

IR  = 

736 

CMG=  0.27993E-05 

TIME: 

110237. 

NLOC: 

4 

NCAP: 

1 

IR  = 

737 

DM3:  0.101 73E-04 

TIME* 

100866. 

NLOC: 

4 

NCAP: 

3 

IR  = 

733 

0,M3=  0 . 4662  7E-05 

time* 

89622. 

NLOC: 

4 

NCAP: 

1 

IR  = 

739 

DM3:  0.89653E-04 

TIME* 

129106. 

NLOC  = 

2 

NCAP: 

33 

IR  = 

740 

DM3:  0 . 29635E-05 

TIME* 

118927. 

NLOC: 

5 

NCAP: 

1 

IR  = 

741 

DM3:  0 . 1 2S05E-0J 

TIME* 

90006. 

NLOC: 

4 

NCAP: 

46 

IP  = 

742 

0M3:  0 . 7461 7E-05 

TIME* 

95105. 

NLOC  = 

4 

NCAP  = 

2 

IR  = 

743 

DM3=  0.4346GE-04 

TIME* 

164951 . 

NLOC: 

3 

NCAP: 

16 

IR  = 

744 

DM3=  0. 19IS2E-04 

TIME* 

95074. 

NLOC= 

4 

NCAP* 

7 

IR  = 

745 

PMG:  0 . 1 Q333E-03 

TIME* 

100832. 

NLOC: 

7 

NCAP= 

73 

IR  = 

746 

OMG:  0 . 33034E-04 

TIME* 

89829. 

NLOC: 

3 

NCAP= 

14 

IP  = 

747 

DM3=  0 . 24697E -04 

TIME: 

120517. 

NLOC: 

5 

NCAP: 

9 

IP  = 

7m  3 

OMG:  0.22279E-03 

TIME: 

89932. 

NLOC: 

6 

NCAP2 

82 

IR: 

74  9 

DM3=  0.6043SE-03 

TIME: 

1 19712. 

NLOC  = 

5 

NCAP  = 

0 

IR: 

750 

0M3:  0.23915E-03 

TIME: 

68802. 

NLOC: 

7 

NCAP: 

88 

IR: 

751 

DM3:  0 . 331 99E-04 

TIME: 

05086. 

NLOC: 

4 

NCAP  = 

14 

IR: 

752 

DM3:  0.5f040E-05 

TIME: 

93614. 

NLOC: 

4 

NCAP: 

2 

IR: 

753 

OMG:  0.83147E-05 

TIME: 

95066. 

IIIOC: 

4 

NCAP: 

3 

IP  = 

754 

0113=  0 . 70c67E  -04 

TIME: 

998  tO. 

NIOC: 

8 

NCAP: 

26 

IR  = 

755 

DM3:  0 . 1 9460E-05 

TIME: 

93073. 

NLOC  = 

4 

NCAP: 

0 

IR: 

756 

DMG=  0 . 28C12E-05 

TIME: 

00002. 

NLOC  = 

4 

NCAP: 

1 

IR  = 

757 

CMG=  0.51700E-04 

TIME: 

93182. 

NLOC  = 

4 

NCAP: 

19 

IR: 

753 

DM3:  0.27° 72E -05 

TIME: 

=0595. 

NLOC  = 

3 

NCAP: 

1 

•IR: 

759 

OfIS=  0.1561  2E-04 

TIME: 

94706. 

NLOC: 

5 

NCAP: 

5 

IR: 

760 

0M3=  0.4C333E-04 

TIME* 

101773. 

NLOC  = 

3 

NCAP* 

15 

IR: 

761 

OMG:  0.55980E-05 

TIME: 

6S-.57. 

NIOC: 

4 

NCAP* 

2 

IR: 

762 

OMG:  0.559SOE-05 

TIME: 

103039. 

NLOC  = 

4 

NCAP* 

2 

IR: 

763 

D11G=  0.f:i52E-07 

TIME* 

95759. 

NLOC  = 

2 

NCAP* 

0 

IR: 

764 

0113s  0 . 1630  7E  -04 

TIME: 

95070. 

NLOC  = 

4 

NCAP* 

6 

IP: 

765 

OMG=  0.319I2E-04 

TIME* 

1  093-46  . 

NLCC  = 

5 

NCAP* 

11 

IR: 

766 

0M3:  0.16202E-03 

TIME: 

108201 . 

NLOC: 

6 

NCAP* 

67 

•IR: 

767 

OMG:  0.543°8E-05 

TIME: 

91593. 

NLOC  = 

4 

NCAP* 

2 

*  IR  = 

768 

0113=  0.10955E-04 

TIME: 

90768. 

NIOC: 

5 

NCAP* 

4 

IR  = 

769 

OMG:  0 . 1 0C50E -04 

TIME: 

110603. 

NLOC  = 

4 

NCAP* 

4 

IR: 

770 

OMG:  0.16450E-06 

TIME: 

89353. 

NLOC  = 

4 

NCAP* 

0 

75 


NWC  TP  6305 


Table  5  (Contd.) 


IR  = 

771 

DMG= 

0.82386E-05 

TIME: 

102457. 

N10C  = 

4 

NCAP= 

* 

IR: 

772 

DUG: 

0.138566-03 

TIME: 

101597. 

NLOC  = 

3 

NCAP= 

51 

IR  = 

773 

QttG= 

0 . 27992E-05 

TIME: 

95502. 

NIOC: 

3 

NCAP= 

1 

IR  = 

774 

DUG: 

0.407S9E-03 

TIME: 

150924. 

NLOC  = 

2 

NCAP= 

150 

IR: 

775 

OMG  = 

0. 354006-04 

TIME: 

95693. 

N10C  = 

3 

NCAP: 

13 

IR: 

776 

Of1G= 

0 . 2741 5E-05 

TIME: 

94168. 

NLOC  = 

5 

NCAP: 

1 

IR: 

777 

DI1G  = 

0. 16383E-04 

TIME: 

93043. 

NLOC  = 

4 

KCAP: 

6 

IR: 

776 

DUG: 

0 -55980E -05 

TIME: 

95065. 

NIOC: 

4 

NCAP: 

2 

IR: 

779 

Ot1G= 

0.47450E-05 

TIME: 

129776. 

NLOC  = 

5 

NCAP: 

1 

IR: 

760 

DMG= 

0.82325E-05 

TIME: 

92947. 

N10C  = 

4 

NCAP: 

3 

IR  = 

761 

D!1G  = 

0.28373E-05 

TIME: 

113744. 

NLCC  = 

5 

NCAP: 

1 

IR  = 

782 

DM3: 

0 . 24730E-03 

TIME: 

104074. 

NLOC  = 

4 

NCAP: 

91 

IR  = 

783 

OMG  = 

0. 13203E-03 

TIME: 

110518. 

NLOC  = 

4 

NCAP: 

67 

IR: 

784 

DMQ: 

0. 32765E-04 

TIME: 

100342. 

NLOC  = 

4 

NCAP: 

12 

IR  = 

785 

0M3  = 

0.300496 -04 

TIME: 

1006*0. 

NLOC  = 

4 

NCAP: 

1 1 

IR: 

786 

0113  = 

0 . 746 1 7E-05 

TIME: 

121822. 

NLOC  = 

5 

NCAP: 

2 

IR  = 

737 

OMG: 

0 . 4  36  32E-04 

TIME: 

103432. 

NLOC  = 

4 

NCAP: 

16 

IP: 

76$ 

DfIG: 

0. 15SI2E-04 

TIME: 

95025. 

NLO  C  = 

5 

NCAP: 

5 

IR: 

739 

DUG: 

0.315066-04 

TIME: 

91899. 

MLOC  = 

4 

NCAP= 

30 

IR  = 

790 

OMG  = 

0 .474506-05 

TIME: 

69343. 

NICC  = 

4 

NCAP: 

1 

IR: 

79| 

DUG: 

0 . 746 176-05 

TIME: 

95105. 

NLOC  = 

4 

NCAP: 

2 

IR: 

792 

OMG  = 

0 . 293346-04 

TIME: 

111276. 

HLOC  = 

3 

NCAP: 

11 

IR: 

793 

DUG: 

0.194606-05 

TIME: 

100906 . 

HLOC  = 

4 

NCAP: 

0 

IP: 

794 

DM3: 

0 . 55960E-05 

TIME: 

103935. 

NLOC  = 

4 

NCAP: 

2 

IR  = 

795 

0113  = 

0. 19102E-04 

TIME: 

92412. 

NLOC  = 

4 

NCAP: 

7 

IR  = 

796 

OMG  = 

0.239006-05 

TIM6  = 

104060. 

NIOC: 

3 

NCAP: 

1 

IR: 

797 

DM3: 

0. 1 I031E-04 

TIME: 

90744. 

NLOC  = 

5 

NCAP: 

4 

IR: 

793 

DMG: 

0 . 97602E-04 

TIME: 

105765. 

NLOC  = 

6 

NCAP: 

36 

IR: 

799 

Dt1G  = 

0.83147E-05 

TIME: 

118733. 

NLOC  = 

4 

NCAP: 

3 

IR: 

800 

DMG  = 

0.8I624E-05 

TIME: 

1 00050 . 

NLOC  = 

6 

NCAP: 

3 

IR: 

801 

OMG: 

0 . 839706-05 

TIME: 

120163. 

N  LOC- 

5 

NCAP: 

3 

IR: 

802 

DM3: 

0.246156-04 

TIME: 

106959. 

NLOC: 

5 

NCAP: 

9 

IR: 

803 

DMG: 

0.54396E-0S 

TIME: 

96330. 

NLOC  = 

5 

NCAP: 

2 

IR: 

804 

0113- 

0. 163016-04 

TIME: 

100475. 

NLOC  = 

3 

NCAP: 

6 

IR: 

eos 

0M3: 

0.559S0E-05 

TIM6  = 

92403. 

NIOC: 

4 

1 1C  A  P  = 

2 

IP  = 

80S 

Di1G= 

0. 1289SE-04 

TIME: 

94705. 

NLOC  = 

5 

NCAP: 

4 

IRS 

607 

DM.3: 

0 . 56602E-05 

TIME: 

114192. 

NLOC  : 

5 

NCAP  = 

2 

IR  = 

803 

ori3= 

0. 15612E-04 

TIME  = 

104965. 

NLOC  = 

4 

NCAP: 

5 

IR: 

809 

OMG: 

0.82319E-07 

TIME: 

91378. 

MLOC  = 

4 

NCAP: 

0 

IR: 

810 

DMG: 

0 .822526-07 

TIME: 

95759. 

NLOC: 

2 

NCAP: 

0 

IR: 

31 1 

0M3  = 

0.734346-04 

TIME: 

89612 . 

NIOC: 

6 

NCAP: 

27 

IP: 

812 

OM.G  : 

0.543356-04 

TIME: 

90379. 

N10C  = 

4 

NCAP  = 

20 

IR: 

81  3 

DMG: 

0.246156-0* 

TIME: 

90533. 

NIOC: 

5 

NCAP: 

9 

IR: 

814 

0M3  = 

0.113336-03 

TIME: 

95216. 

NLCC  = 

4 

NCAP: 

41 

IR: 

815 

DMG: 

0.109556-04 

TIME  = 

123315. 

NLOC: 

5 

NCAP: 

4 

IR: 

816 

DM3  = 

0.551576-05 

TIME: 

131668. 

NLOC: 

3 

NCAP: 

2 

IR: 

81  7 

OMG: 

0.1  1  I40E-03 

TIME: 

1 033c4. 

NLOC: 

7 

NCAP: 

41 

IP  = 

818 

OMG  = 

0.37275E-05 

TIME: 

1 1 7279. 

NLOC: 

6 

NCAP: 

0 

IP  = 

819 

DI1G= 

0.220146-03 

TIME: 

168580. 

NLOC: 

3 

NCAP= 

•1 

IR: 

620 

DMG: 

0.436326-04 

TIME: 

107730. 

NIOC: 

5 

NCAP* 

16 

IR: 

821 

DUG: 

0.279916-05 

TIME: 

146120. 

NIOC: 

4 

NCAP: 

1 

IR  = 

822 

0113* 

0.109496-04 

TIME: 

99355. 

NLOC: 

3 

NCAP: 

4 

IR  = 

823 

dhg= 

0.327656-04 

TIME: 

92057. 

NLOC: 

3 

NCAP* 

It 

IP  = 

624 

DMG= 

0 . I4759E-04 

TIME: 

94745. 

NLOC: 

5 

NCAP* 

4 

IR  : 

825 

OMG: 

0.208736-05 

TIME: 

121425. 

NLOC: 

6 

NCAP: 

1 

IR: 

826 

OMG: 

0.978026-04 

TIME: 

101 773. 

NLOC: 

4 

NCAP: 

36 

IR: 

827 

DMG= 

0. 146776-04 

TIME: 

106936. 

NLOC  = 

5 

NCAP: 

4 

IR: 

828 

0113  = 

0.1 16916-03 

TIME: 

102335. 

NLOC: 

4 

NCAP: 

43 

IR  = 

829 

DMG: 

0.194606-05 

TIME: 

93536. 

NLOC: 

5 

NCAP: 

0 

IR: 

630 

DMG: 

0.201106-04 

TIME: 

96281 . 

NLOC: 

5 

NCA 

6 
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IR  = 

831 

DMG2 

0 . 55980E-05 

TIME  = 

103935. 

NLOC2 

4 

NCAP= 

*: 

IR  = 

832 

OMG2 

0 . 92533E- 04 

TIME2 

115511. 

NLOC2 

4 

NCAP= 

34 

IR  = 

833 

0MG  = 

0. 32765E-04 

TIME2 

1 09712. 

Ml  OC  = 

4 

NCAP= 

12 

IR  = 

834 

DMG2 

0.559306-05 

T IME  2 

94  7m6 . 

NIOC2 

4 

NCAP  = 

2 

IR  = 

635 

DMG2 

0.27992E-05 

TIME  2 

99349. 

NlOC  = 

3 

NCAP  = 

1 

IP  = 

836 

dmg= 

0 . 37270E-04 

TIME2 

91300. 

NLOC  2 

5 

NCAP  = 

13 

IR  = 

837 

DMG2 

0 . 2631 3E-05 

TIME  = 

95750. 

NLOC  = 

4 

NCAP  = 

1 

IP  = 

6  33 

DMG2 

0.7071 7E-04 

TIME  = 

9 3b 78. 

NIOC2 

3 

MC  A  P  = 

26 

IR2 

639 

dmg= 

0. 21622E-04 

T  IME  = 

Qr'6S  1  . 

NLOC2 

6 

NCAP  = 

8 

1  P  = 

6s  0 

c;ig= 

0  .  12895E-04 

TINE2 

1 03393. 

NLOC2 

5 

nr  ap; 

4 

IR2 

841 

DUG  = 

0.C631CE-05 

TIME2 

°6 06  3 . 

Nl  OC2 

4 

NCAP= 

1 

IP2 

S42 

DM3  = 

0  .  1 C949E-04 

T  IME  - 

1 38733. 

Nl  OC  = 

4 

NCAP  = 

4 

:p= 

Ss  3 

DMG2 

0. 72972E-05 

TIME2 

Qc.f-39 . 

NLOC2 

5 

NCAP  = 

2 

ir= 

844 

DMG2 

0.73736E-04 

TIME2 

9fbb3. 

NLOC2 

6 

nr  AP: 

29 

IR  = 

8*t5 

dmg= 

O.tCUECE-OS 

TIME2 

6  359  3. 

Nl  OC2 

3 

nctp= 

0 

IP  = 

846 

emg= 

0.  1  374  SE  -  0-* 

TIME2 

100262 . 

NLOC2 

4 

IICAP: 

5 

IR2 

6*7 

dm:.= 

0. 32057E -  0 3 

TIME2 

1E5!6o. 

Nt  OC  = 

3 

nc  ap= 

118 

In  - 

8hS 

ci:g= 

0 . 5  7051 E -04 

TIME2 

1  1459**  . 

NLOC2 

5 

iicap= 

21 

IP; 

849 

omg2 

0 . 56273E- 05 

TIME2 

1  15454. 

NLOC2 

6 

ncAP= 

2 

:p- 

650 

or.5  = 

0. 1 C  76CE -  0  3 

TIME2 

1 164  2b  . 

NIOC-- 

1 

NCAP  = 

47 

ip  = 

£61 

DMG; 

0.  1 1 coOE -  04 

TIME2 

692b 1 . 

Nl  CC 2 

6 

nCAP= 

3 

IP; 

662 

Of  - 

0 . 2 7 332 E- 04 

TIME2 

1033,9. 

NLOC2 

4 

ncAP= 

10 

IP  - 

i  6  3 

dmg= 

0.0 

TIME2 

1  COE  00 . 

NLOC2 

6 

t:cAP  = 

0 

I  r.  2 

8  r>  4 

cr:G- 

0.8251 5E-05 

TIME2 

1 I40b9. 

NIOC2 

8 

NCAP  = 

3 

I  p  Z 

655 

OMG2 

0  .r'5l60E-05 

TIME2 

9,320. 

NLOC  2 

3 

n'CAP: 

*> 

T'J: 

86b 

d:g- 

0.291 13E-04 

TIME2 

S9b  33 . 

NLOC  2 

4 

ncAP= 

10 

I R- 

667 

CMG  = 

0.33147E-05 

TIME2 

9w  7s8 . 

NLOC2 

4 

ncAP= 

3 

T  ”  = 

853 

CM5  = 

0  .  1  6  .5  53E  -04 

TIME2 

1 182^6  . 

NLOC2 

5 

KCAP: 

6 

:r= 

659 

dt:g- 

0 . 2  7992E -05 

TIME2 

63902. 

NLOC2 

3 

ncAP= 

1 

ip  = 

660 

DMG2 

0.2m539E-04 

TIME2 

69317. 

NLOC2 

4 

KCAP= 

9 

ip  = 

et  i 

DMG2 

0 . 20283E-05 

TIME2 

69346. 

NLCC  = 

4 

ncAP= 

0 

iPr 

•„  2 

o;ig= 

0.74617E-05 

TIME2 

115064 . 

NLOC2 

5 

nCAP: 

c. 

IR2 

8t- 3 

DMG2 

0.201 92E-04 

TIME2 

113791 . 

NLOC2 

5 

ncAP= 

6 

IR2 

664 

DUG2 

0 .46190E-04 

TIME2 

98255. 

NLOC2 

5 

ncf.p= 

17 

IP  = 

665 

Of. 3= 

0 . 70641 E-04 

TIME2 

102345. 

NLOC’ 

4 

ncAP= 

C6 

1R  = 

866 

criG= 

0. 19182E-04 

TIME2 

1 1 3797. 

NLOC2 

4 

nCAP  = 

7 

IR  = 

867 

cr.3= 

0.331 16E-04 

TIME2 

93063. 

NLOC2 

4 

hcap= 

1<t 

IP- 

868 

DMG2 

0 .679h1E-04 

TIME2 

1 05563. 

NLOC2 

7 

hcap= 

C5 

IR  = 

e69 

DMG2 

0.SC252E-07 

TIME2 

95759. 

NLOC2 

2 

NCAP= 

0 

IR  = 

670 

D  *  ‘  3  - 

0 . 29635E-03 

TIME2 

91659. 

NLOC2 

7 

NCAP  = 

108 

IP  = 

671 

d::g  = 

0.63147E-05 

TIME2 

95066. 

NLOC  2 

4 

tlCAP: 

3 

IR  = 

872 

DM32 

0 . S2C52E-07 

TIME2 

95759. 

NLOC  2 

*> 

c 

nCAP  = 

0 

JR  = 

373 

DMG2 

0  .  2 3Q08E -0  3 

TIME2 

13  *282. 

NLOC2 

2 

ncAP= 

88 

IP  = 

874 

DMG2 

0.27332E-04 

TIME2 

89371 . 

NLOC2 

4 

NCAP  = 

10 

IR  = 

875 

dmg= 

0.C7166E-05 

TIME2 

1 1 1309. 

NLOC2 

3 

riCAP: 

1 

IR  = 

076 

dmg= 

0 .83147E-05 

TIME2 

95066. 

NLOC  = 

4 

ncap= 

3 

IR  = 

877 

Df:c= 

0  .  19026E-03 

TIME2 

90396. 

NLOC2 

5 

NCAP= 

70 

IR2 

673 

dmg= 

0 . 2‘*67tE  -06 

TIME2 

1 1 8b06 . 

NLOC2 

5 

►;cap= 

0 

IR  = 

879 

DMG  2 

0. 1 051 6E -03 

TIME2 

94127. 

NIOC2 

4 

ijcap= 

38 

IP  = 

680 

DMG2 

0 . 65208E-04 

TIME2 

90S63. 

NLOC2 

6 

IICAP: 

C4 

IR  = 

881 

0MG  = 

0 . 1 6465E  -0** 

TIME2 

1  03?s6. 

NLOC2 

4 

NC  AP  = 

6 

IR  = 

832 

OMG2 

0.491 7CE-03 

TIME2 

1306s5. 

NLOC2 

2 

NCAP= 

181 

IR2 

863 

DMG  = 

0.21 89SE-04 

TIME2 

96598. 

NLOC2 

4 

NCAP= 

8 

IR  = 

834 

DMG2 

0.31  748E -  04 

TIME2 

95754. 

NLOC2 

6 

NCAP  = 

1 1 

IR- 

035 

DMG  2 

0 . 551 57E-03 

TIME2 

199618. 

NLOC2 

4 

NCAP= 

C03 

IP- 

£36 

dmg= 

0. 1  0053E-03 

T  IME 2 

124066. 

NLOC2 

5 

NC  AP= 

37 

IR  = 

837 

DMG2 

0. 16450E-06 

TIME  2 

1 1 2993. 

NLOC2 

4 

NCAP= 

0 

IR  = 

883 

DMG2 

0. 1 1 031E-04 

TIME2 

103933. 

NLOC  = 

4 

NCAP= 

4 

IR  = 

839 

0MG  = 

0 . 29635E -05 

TIME2 

1 14191 . 

NLOC  = 

5 

NCAP  = 

1 

IR  = 

890 

DUG  = 

0 . C2252E-07 

TIME2 

95759. 

NLOC2 

2 

NCAP= 

0 

77 
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IR  = 

891 

DMG= 

0 . 29979E-04 

TIME  = 

107030. 

NLOC  = 

5 

NCAP= 

i . 

IR  = 

892 

OHS: 

0 . 83970E-05 

TIME  = 

120507. 

NLOC: 

5 

NCAP= 

3 

IR  = 

893 

DMG  = 

0 . 1663SE-05 

TIME: 

92825. 

NLOC: 

6 

NCAP= 

0 

IR  = 

894 

Dr.3= 

0 . 462  73E-04 

TIME  = 

126663. 

NLOC: 

5 

NCAP= 

17 

IR  = 

395 

or.3= 

0.49066E-04 

TIME  = 

99919. 

NLOC: 

4 

NCAP= 

16 

IR  = 

896 

DMS  = 

0. 1209GE-07 

TIME  = 

95895. 

NLOC  = 

6 

NCAP= 

0 

IR  = 

897 

or;3= 

0 . 32  766E -04 

TIME: 

102596. 

NLOC  = 

5 

NCAP= 

12 

IR= 

893 

DMG  = 

0. 19460E-05 

TIME: 

93536. 

NLCC  = 

5 

NCAP= 

0 

IR  = 

899 

DMS  = 

0.26628E-03 

TIME  = 

94154. 

NLOC: 

9 

NCAP  = 

98 

IR  = 

900 

DMG  = 

0.5S930E-05 

TIME  = 

95065. 

NLOC  = 

4 

NCAP  = 

2 

IR  = 

901 

omg= 

0.55930E-05 

TIME: 

85309. 

NIOC: 

4 

NCAP  = 

2 

IP  = 

902 

d::g= 

u.  10096E-04 

TIME  = 

90523. 

NLOC  = 

3 

MCAP  = 

3 

IR  = 

903 

or.  3= 

0.1 3748E-04 

TIME: 

95070. 

NLOC: 

4 

NCAP= 

5 

IR- 

904 

DMG  = 

''.I  7339E-03 

TIME: 

92980. 

NLOC  = 

6 

NCAP= 

64 

I  P  = 

905 

DM3: 

0. 11032E-04 

TIME: 

116011 . 

NLOC: 

3 

NC  AP - 

4 

IP  = 

906 

Dt13  = 

0.0 

TIME: 

97354. 

NLOC= 

2 

NCAP  = 

0 

IP  = 

907 

Di;G= 

0.101 75E-04 

TIME: 

93126. 

NLOC: 

5 

NC  AP= 

3 

IR  = 

903 

Dr!G  = 

0. 195*06-03 

TIME: 

8993*. 

NLOC: 

3 

NCAP  = 

72 

IP  = 

909 

0f'3  = 

0. 1 0096E “04 

TIME: 

93918. 

NLOC  = 

5 

NCAP  = 

3 

IP  = 

910 

Of  !3  = 

0 . 2  7990E -05 

TIME: 

95761 . 

NLOC: 

2 

NCAP  = 

1 

IR  = 

91  1 

DH3  = 

0.83147E-05 

TIME: 

95067. 

NLOC  = 

4 

NCAP  = 

3 

IR  = 

<M2 

DMG  = 

0.1 3745E-04 

TIME: 

114636. 

NLOC: 

4 

NCAP  = 

5 

IP  = 

°1  3 

0*!G  = 

0. 1 1 031 E -04 

TIME: 

103933. 

NLOC: 

4 

NCAP  = 

4 

IS  = 

914 

DM3  = 

0.271 c2E-04 

TIME: 

68605. 

NLOC  = 

5 

NCAP  = 

10 

IR  = 

915 

DMG  = 

0.60433E-08 

TIME: 

144791 . 

NLOC: 

4 

NCAP  = 

0 

IR  = 

916 

0MG  = 

0. 16533E-04 

TIME: 

105117. 

NLOC: 

3 

NCAP  = 

6 

IR- 

917 

DM3: 

0. 32765E-04 

TIME: 

93506. 

NLOC: 

4 

NCAP  = 

12 

IR  = 

918 

DM3  = 

0.5*41 7E-C4 

TIME: 

89247. 

NlOC  = 

4 

NCAP  = 

20 

IR  = 

919 

DM3  = 

0 . 59933E -04 

TIME: 

100541 . 

NLOC  = 

4 

NC  AP  = 

IR  = 

920 

DMG  = 

0. 19*60E-05 

TIME: 

88300. 

NLOC: 

4 

NC  A  P  = 

0 

IP- 

921 

d:ig= 

0 . 1  3746E -0 ♦ 

TIME: 

100829. 

NLOC  = 

4 

NCAP  = 

5 

IR  = 

922 

DMG= 

0.10596E-03 

TIME: 

95306. 

NLOC: 

4 

NCAP  = 

39 

IP  = 

923 

CM3: 

0. 163S9E-C4 

TIME: 

105663. 

NLOC: 

4 

NCAP  = 

o 

IR  = 

924 

DM3: 

0. 1635cE-04 

TIME: 

113024. 

NLOC: 

7 

NC  AP  = 

6 

IP  = 

925 

CM3  : 

0.82252E-07 

TIME: 

95759. 

NIOC: 

2 

NCAP= 

0 

IR- 

926 

DM3  = 

0.83147E-05 

TIME: 

98181 . 

NLOC  = 

4 

NCAP  = 

3 

IP  = 

927 

DMG  = 

0.22622E-16 

TIME: 

107*37. 

NLOC  = 

4 

NC  A  P  = 

0 

TR¬ 

^28 

DM3: 

0.0 

TIME: 

90240. 

NLOC: 

2 

NC  A  P  = 

0 

IP: 

929 

DM.  3  = 

0 . 5**99E-04 

TIME: 

63305. 

NLOC: 

4 

NCAP= 

20 

IR: 

930 

0M3  : 

0. 1209SE-07 

TIME: 

101537. 

NLOC: 

5 

NCAP  = 

0 

IR: 

931 

DM3  = 

0.50929E-04 

TIME: 

109t77. 

NLOC  = 

5 

NC  AP  = 

18 

IR  = 

932 

DM3  : 

0.11 95*E-0  3 

TIME: 

100390. 

NLOC: 

5 

NCAP  = 

44 

IP  = 

933 

DriG  - 

0.60*8?E-08 

TIME: 

89593. 

NLOC: 

3 

NC4P  = 

0 

IR: 

934 

DMG  = 

0 . 8*301 E “04 

TIME: 

10e>392. 

NLOC  = 

4 

NCAP  = 

31 

IP  = 

935 

DMG  = 

0.  1561CE-04 

TIME: 

106235. 

NLOC: 

5 

NCAP  = 

5 

IP: 

9  36 

OMG  = 

0 . 1 84  7* E -0  3 

TIME: 

9162*  . 

NLOC  = 

5 

NCAP  = 

68 

IR  = 

937 

DMG  = 

O.S4225E-C4 

TIME: 

97614. 

NLOC  = 

5 

NC  *  P- 

31 

IR  = 

933 

Of  !3  : 

0.83147E-05 

TIME: 

94748. 

NLOC  = 

4 

NC  AP  = 

3 

IR  = 

939 

DM3  : 

0 . °5250E -04 

TIME: 

1 00565. 

NLOC  = 

4 

NC  AP  = 

35 

IR: 

9*0 

0M3  = 

0.67925E-04 

TIME: 

134168. 

NLOC  = 

2 

NCAP  = 

25 

IP  = 

941 

or:G: 

0.8  66CE-07 

TIME: 

89786. 

NLOC  = 

4 

NCAPs 

0 

I  R  : 

9*2 

DM3  = 

0 . 132198-03 

TIME: 

202735. 

NLOC  = 

4 

NCAP  = 

67 

IR  = 

94  3 

DMG  = 

0.65203E-04 

TIME: 

94276. 

NLOC: 

5 

NC  AP  = 

24 

IR  = 

944 

Df:3  = 

0 . 2*6 1 5E-04 

TIME  = 

112254. 

NLOC: 

5 

HCAP- 

9 

IR: 

94  5 

DM3  = 

0. 19521E-05 

TIME: 

897*6. 

NLOC  = 

4 

MCAP  = 

0 

IR  = 

946 

0MG  = 

0.55157E-05 

T  IME  : 

95762. 

NLOC  = 

2 

NC  AP  = 

2 

IP  = 

94  7 

OMG  = 

0. 16319E-04 

TIME: 

88471 . 

NLOC  = 

S 

NCAP  = 

6 

IR  = 

948 

0MG  = 

0. 29334E-04 

TIME: 

96477. 

NLOC  = 

5 

NCAP  = 

1 1 

IR  = 

949 

OMG: 

0.21 128E-04 

TIME: 

120555. 

NLOC  = 

5 

NCAPs 

7 

IR: 

950 

DM3  = 

0 . 84  30 1 E -04 

TIME: 

1 00633. 

NLOC  = 

It 

NCAC= 

31 
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2R  = 

951 

DMG= 

0.2461 5E-04 

TIME  = 

93500. 

N10C  = 

4 

NCAPs 

, 

IR  = 

952 

DMG  = 

0.55157E-05 

TiriE= 

123271  . 

NLOC  = 

3 

NCAP  = 

2 

IR  = 

953 

0MG= 

0 . 4S907E -  04 

TIME: 

99906. 

I1L0C: 

4 

NCAP= 

18 

IR  = 

954 

DMG  = 

0.20655E-03 

TIME: 

193167. 

‘  NLOC: 

3 

MCAP  = 

76 

IR= 

955 

0tlG= 

0.25909E-09 

TIME  = 

101842. 

MLOC: 

3 

NCAP= 

0 

IRs 

956 

orG= 

0 . 1  9 1 06E -04 

TIME: 

94989. 

NLOC: 

5 

NCAPs 

7 

IR  = 

957 

omg= 

0. 1646 vE- 04 

TIME  = 

95072. 

NLOC  = 

4 

NCAPs 

6 

IR  = 

958 

DM3  = 

0.5611 JE-05 

TIME  = 

92293. 

NLOC: 

4 

NCAPs 

2 

IR  = 

C59 

DM  3= 

o. i9ia:E-04 

TIME: 

03496. 

NLOC  = 

4 

NCAP= 

7 

IR  = 

960 

0113  — 

0.59933E-04 

TIME  = 

103507. 

NLOC  = 

4 

NCAPs 

22 

1R  = 

°6 1 

m*.G= 

0.12093E-07 

TIME  = 

85049. 

NLOC: 

5 

NCAPs 

0 

IR  = 

962 

OMjs 

0. 1of-S2E-03 

TIME: 

102850. 

NLOC  = 

6 

NCAPs 

62 

IR  = 

963 

DM3  = 

0.42652E-03 

TIME: 

166721 . 

NLOC  = 

4 

NCAP= 

157 

IR  = 

964 

OMGs 

0. 1 061 CE -03 

TIME: 

112303. 

NLOC: 

5 

NCAPs 

39 

IR  = 

965 

DHG-- 

0. 1 3S34E-0J 

TIME  = 

107101 . 

NLOC: 

7 

NCAPs 

50 

IR  = 

9C-6 

DM3 = 

0.55950E-05 

T  - 1 1E  = 

9*537. 

NLOC: 

4 

NCAPs 

2 

1R  = 

-t  7 

dng= 

0. 19132E-04 

TIME: 

94755 . 

NLOC  = 

4 

NCAPs 

7 

IR  = 

9c  3 

d:is= 

0 . 16465E-04 

TIME: 

147735. 

NLOC: 

4 

NCAPs 

6 

IPs 

96  9 

Cf«G  = 

0.27250E-04 

TIME: 

95687. 

NLOC  = 

3 

NCAP  = 

10 

IP  = 

970 

D?!G  = 

0.  !37*8E-04 

TIME: 

103940. 

NLOC: 

4 

NCAPs 

5 

IPs 

971 

DM  G  = 

0.43632E-04 

TIME: 

117936. 

NLOC: 

5 

NCAPs 

16 

IRs 

972 

OMG= 

0. 16*S0E-06 

TIME: 

92036. 

NLOC: 

3 

NCAP= 

0 

IPs 

973 

DMG  = 

0.39I21E-03 

TIME: 

129307. 

NLOC: 

2 

NCAPs 

144 

IRS 

974 

DMG  = 

0.61 I50E-08 

TIME: 

87916. 

NLOC: 

5 

NCAPs 

0 

IPs 

975 

Dr:3  = 

0 . 8565SE -04 

TIME  = 

97722. 

NLOC: 

7 

NCAPs 

33 

IPS 

976 

o?  :3= 

0 . 1 1 031 E -04 

TIME  = 

93491 . 

NLOC: 

4 

NCAPs 

4 

IRs 

977 

D*13  = 

0. 74042E-0S 

TIME: 

101631 . 

NLOC: 

5 

NCAP  = 

2 

IRS 

973 

0MG  = 

0.1 3SS4E-C3 

TIME: 

1 16*32. 

NLOC: 

1 

NCAPs 

50 

IRs 

979 

DM5  = 

0.11031E-C4 

TIME  = 

69313. 

NLOC  = 

4 

NCAPs 

4 

IPs 

930 

DM3  = 

0.4003*E-04 

TIME: 

121477. 

NLOC= 

5 

NCAPs 

15 

IRs 

931 

DMG= 

0.55157E-05 

TIME  = 

95762. 

NLOC  = 

2 

NCAPs 

2 

IPs 

76  -5  -> 

-  u 

D?‘3= 

0 . 25545E -03 

TIME: 

173334. 

NLOC: 

4 

NCAPs 

94 

IRs 

9o3 

DMG  = 

0 . 300*9C -04 

TIME: 

92056. 

NlOC  = 

3 

NCAPs 

1 1 

IRs 

934 

Di  !3  = 

0. 3268SE-04 

TIME: 

38034. 

NLOC  = 

5 

NCAP= 

12 

IPs 

935 

DNG= 

0.217‘.0E-04 

TIME: 

105569. 

NLOC: 

5 

NCAPs 

8 

IPS 

936 

DMG  = 

0.8I565E-05 

TIME  = 

93430. 

NLOC  = 

4 

NCAPs 

3 

IPs 

937 

Dt'«3= 

0.46267E-04 

TIME  = 

89878. 

NLOC: 

7 

NCAPs 

1  7 

IRs 

938 

DM3  s 

0 . 29972E -04 

TIME: 

91372. 

NLOC: 

5 

NCAPs 

1 1 

IP: 

939 

D  i  !3  = 

0 . 16465E-04 

TIME: 

107720. 

NLOC  = 

5 

NCAPs 

6 

IPs 

990 

DM.Gs 

0 . 32765E-04 

TIME  = 

100842. 

NLOC: 

4 

NCAPs 

12 

IR  = 

991 

DMG  = 

0 . 87024E -04 

IIME  = 

89540. 

NlOC  = 

4 

NCAPs 

32 

IP  = 

992 

d?:g= 

0.11 0C5E-04 

TIME  = 

93972. 

NLOC: 

6 

NCAPs 

2 

IP  = 

993 

D  ’  *3  - 

0.35462E-04 

TIME: 

94606 . 

NLOC: 

4 

NCAPs 

13 

IPs 

994 

DM5s 

0.  15757E-03 

TIME: 

87314. 

NLOC  = 

6 

NCAPs 

58 

IPs 

995 

D*'3  = 

0.5S9S6E-05 

TIME: 

89*43. 

NLOC  = 

4 

NCAPs 

2 

IPs 

996 

d:;g= 

0.26633E-OS 

TIME: 

97233. 

NLOC  = 

5 

NCAPs 

98 

IPs 

997 

DMG  = 

0 . 1  09*9E-04 

TIME: 

115090. 

NLOC: 

4 

NCAPs 

4 

IPS 

993 

DMG  = 

0.604S8E-08 

TIME: 

95161 . 

NLOC: 

4 

NCAP= 

0 

IPs 

999 

OMGs 

0 . 83147E -05 

TIME: 

96136. 

NLOC: 

3 

NCAPs 

3 

IPS 

10C0 

DN3  = 

0. I0950E-04 

TIME: 

96154. 

NLOC  = 

3 

NCAP  = 

4 
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Table  6 


Sidewinder  Rocket  Damage  in  10  Years 


(Sorted  in  Ascending  Order). 


TIME  = 

67600.  (Hrs. 

) 

1 

0 . 0 

2 

0.0 

3 

0.0 

4 

0.0 

5 

0.0 

6 

0.0 

7 

0.0 

8 

0.0 

9 

0.0 

10 

0.10240-16 

n 

0 . 14330-10 

12 

0  .o71  50  - 1 0 

13 

0.67150-10 

14 

0.25720-09 

15 

0.2502D-09 

16 

0.25910-09 

1  7 

0.31 350-09 

18 

0.521 10-09 

19 

0. 34770-08 

20 

0.60060-03 

21 

0.604=0-03 

22 

0 . 60490-00 

23 

0.60490-08 

24 

0.604=0-03 

25 

0.60490-08 

26 

0 .6C493-03 

27 

0.60490-03 

28 

0.604=0-03 

29 

0.604=D-03 

30 

0.61 160-C8 

31 

0 . b 1 C2D-0S 

32 

0.62G5D-OS 

33 

0.73390-03 

34 

0. 1 195D-07 

35 

0.12100-07 

36 

0. 12ICD-07 

37 

0.12100-07 

33 

0. 12100-07 

39 

0.  I653D-07 

40 

0.22150-07 

41 

0  -  £4S*D- 0  7 

42 

0.25690-07 

43 

0.52760-07 

44 

0.626=0-07 

45 

0.626=0-07 

46 

0.62690-07 

47 

0. 62690-07 

43 

0.626=0-07 

49 

0 . 6269D-0  7 

50 

0.626=0-07 

51 

0.62690-07 

52 

0.67000-07 

53 

0.G225D-07 

54 

0.62250-07 

55 

0.82250-07 

56 

0.52250-07 

57 

0 .63250-07 

58 

0.82250-07 

59 

0. 82250-07 

60 

0.62250-07 

61 

0 . 52250-07 

62 

0.62250-07 

63 

0.62250-07 

64 

0.82250-07 

65 

0.02250-07 

66 

0.52250-07 

67 

0.82250-07 

63 

0. 82250-07 

69 

0.82260-07 

70 

0.82260-07 

71 

0.2::5D-07 

72 

0.62250-07 

73 

0.82250-07 

74 

0.82260-07 

75 

0.82320-07 

76 

0.62320-07 

77 

0. 32510-07 

70 

0 . 834 3D -07 

79 

0.8735D-07 

00 

0. 10360-06 

61 

0 . 1 0950-06 

62 

0.12530-06 

83 

0.131  ID-06 

64 

0.1  33:0-06 

S5 

0.14410-06 

66 

0 . t  5040- C6 

67 

0.  153=D-06 

S3 

0. 1 53=0- C6 

89 

0. 16460 -Ob 

90 

0. 16*50-06 

91 

0 . 16450-06 

92 

0. 16*50-06 

93 

0 . 16*50-06 

94 

0. 16*5D-C6 

95 

0. 16450-06 

66 

0 . 1 6460- 06 

97 

0.16360-06 

°3 

0.1 72*0-06 

99 

0.1 726D -  06 

100 

0.7=020-06 

101 

0. 1664D-05 

102 

0.19,60-05 

103 

0. 19460-05 

104 

0. 1O46D-05 

105 

0.19*60-05 

106 

0. 1 '■•460-05 

107 

0. 19450-05 

103 

0. 1  5-460-05 

109 

0. 1=,6D-05 

110 

0.19*60-05 

in 

0 . 1 5  460-05 

112 

0.19470-05 

113 

0.199,0-05 

114 

0 . 2024D-0S 

115 

0.27170-05 

116 

0 .271 70-05 

1 1  7 

0.271 70-05 

118 

0.27220-05 

119 

0. 27230-05 

120 

0.27230-05 

121 

0.272  20-05 

122 

0.27230-05 

123 

0.27230-05 

124 

0 . 2726D-05 

125 

0.272=0-05 

126 

0.273C3-05 

127 

0. 27410-OS 

123 

0.275ID-05 

129 

0.277=0-05 

130 

0.27790-05 

131 

0.27750-05 

1  32 

0.27320-05 

133 

0.27990-05 

1  34 

0.27=90-05 

135 

0.279=D-05 

1  36 

0 . 27590-05 

137 

0.279  10-05 

133 

0. 2  79=D-05 

139 

0.279=0-05 

140 

0 . 2  799D-05 

141 

0 .279=0-05 

142 

0.27990-05 

143 

0.279=0-05 

144 

0.27990-05 

145 

0.2799D-05 

1  46 

0.27550-05 

147 

0.27990-C5 

143 

0.27950-05 

149 

0 . 260CD-05 

150 

0. 26040-05 

151 

0 .23250-05 

152 

0. 26050-05 

153 

0.28060-05 

154 

0.220:0-05 

155 

0.26250-05 

156 

0 .23370-05 

157 

0 . 28420-05 

153 

0.28510-05 

159 

0.28560-05 

160 

0 . 28560-05 

161 

0  25630-05 

162 

0. 23640-05 

163 

0.28710-05 

164 

0.28310-05 

165 

0.23S1D-05 

166 

0 . 22210-05 

167 

0.22310-05 

163 

0.28310-05 

169 

0.25310-05 

170 

0.20010-05 

1  71 

C .22310-05 

1  72 

0.26310-05 

173 

0.26310-05 

1  7* 

0.28310-05 

1  75 

0.20310-05 

1  76 

0 . 23310-05 

1  77 

0 . 23310-05 

173 

0. 28820-05 

179 

0 . 26650-05 

100 

0. 203CD-05 

161 

o .  ::::o-05 

16,! 

0.2?:  ',0-05 

183 

0.23=70-05 

164 

0.2397D-05 

165 

0.29000-05 

166 

o . :=:co-c5 

1  o  7 

0 . 3I6C0-05 

133 

0. 37280-05 

1 8= 

0 .43760-05 

190 

0.45600-05 

191 

0 . 45220-05 

192 

0.45370-05 

1  93 

0 . 466  3D- 05 

194 

0 .4663D-05 

195 

0.46630-05 

196 

0  -.72  70-05 

197 

0.47*50-05 

1  93 

0.47450-05 

1  99 

0.4  76-  30- 05 

200 

0.47370-05 

201 

0 . "2670-05 

202 

0.54340-05 

203 

0 . 54  3*D -05 

204 

0.54350-05 

205 

0.54400-05 

1 06 

0  .  54* CD-05 

207 

0.5,400-05 

203 

0.54400-05 

209 

0.54,20-05 

210 

0 . 5*440-05 

211 

0  .  5  .-95D-05 

212 

0 . 5  *600-05 

213 

0.54=30-05 

214 

0 . 5,57D- 05 

215 

0. 54610-05 

216 

0 . 5-962D-C5 

217 

0.54630-05 

213 

0.54960-05 

21  = 

0.54=60-05 

220 

0.551 3D-05 

221 

0 . 55 1 1 0  -  05 

222 

0.55160-05 

223 

0 . 55160-05 

224 

0 . 551 6D-05 

225 

0.55160-05 

2  26 

C . 55160-05 

227 

0.55J60-C5 

223 

0.55160-05 

229 

0.55160-05 

230 

0.55160-05 

„  231 

C . 55160-05 

222 

0.55160-05 

233 

0.55230-05 

£  3* 

0.553.-0-05 

2  35 

0.5557D-05 

2  36 

0 . 555=0-05 

237 

0.556CO-05 

23S 

0.55200-05 

2  39 

0.55310-05 

240 

0.55860-05 

241 

0 . 55230-05 

242 

0.55=00-05 

243 

0.55=00-05 

244 

0.55930-05 

245 

0.55060-05 

246 

0  55=30-05 

2,7 

0.559:0-05 

243 

0.55=60-05 

24  = 

0 . 55=20-05 

250 

0.55900-05 

251 

0 . 55520-05 

252 

0 . 5592D-05 

253 

0 . 55=30-05 

254 

0.55980-05 

255 

0.55900-05 

256 

0  55=20-05 

257 

0 . 55=GD-05 

253 

0.55=20-05 

259 

0.55=30-05 

260 

0.55=00-05 

261 

0. 55720-05 

262 

0 . 55960-05 

263 

0.55=80-05 

264 

0.55960-05 

265 

0.55960-05 

266 

0.55=20-05 

267 

0 . 55  =  60-05 

263 

0.55=60-05 

26  = 

0 . 5596D-05 

270 

0 . 5596D-05 

-  27! 

0 . 5S97D-C5 

2  72 

0.56010-05 

273 

0.56010-05 

2  74 

0.5606-D-05 

275 

0.56050-05 

-  276 

0 . 5616D-05 

277 

0.53770-05 

2  73 

0.53770-05 

279 

0. 58770-05 

260 

0.65430-05 

261 

0. 72  310-05 

282 

0.72970-05 

233 

0.729SD-05 

284 

0.73=60-05 

285 

0. 73990-05 

266 

0. 74000-05 

287 

0.74170-05 

203 

0.74620-05 

239 

C . 746  CO  -  05 

290 

0.74620-05 

291 

0 . '  620-C5 

292 

0.74650-05 

293 

0.81500-05 

294 

0 . 81 500-=r 

295 

0.81560-05 

80 
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296 

0.81 56D-05 

297 

0.81560-05 

296 

0.81580-05 

299 

0.81690-05 

300 

0.81 76D-05 

301 

0.61 880-05 

302 

0 .01 930-05 

303 

0.82030-05 

304 

0.8206D-05 

305 

0.82120-05 

306 

0.62200-05 

307 

0.82200-05 

303 

0.82330-05 

309 

0.8232D-05 

310 

0.62330-05 

311 

0.62330-05 

312 

0.82330-05 

313 

0. 82330-05 

314 

0.62390-05 

315 

0.02420-05 

316 

0.62530-05 

317 

0.62570-05 

3tS 

0 . 82940-05 

319 

0 . 82950-05 

320 

0.82970-05 

321 

0. 62970-05 

322 

0.82970-05 

323 

0.8303D-05 

324 

0.83150-05 

325 

0.83150-05 

326 

0.63150-05 

327 

0.83150-05 

326 

0.83150-05 

329 

0.831ED-05 

330 

0. 63150-05 

331 

0 .631 53-05 

332 

0 . 031 5D-C5 

333 

0. 63150-05 

334 

0.83150-05 

335 

0.03150-05 

3  36 

0.63150-05 

337 

0 .83t  50-05 

333 

0 .831 5D-05 

339 

0.6315D-05 

340 

0.63150-05 

341 

0.63150-05 

342 

0.83150-05 

393 

0. 33150-05 

344 

0.83150-05 

345 

0.03150-05 

346 

0. 63150-05 

347 

0 .63150-05 

3^8 

0.63I5D-05 

349 

0.63150-05 

350 

0.03163-05 

351 

0.63220-05 

352 

0 .83240-05 

353 

0.63240-05 

354 

0.65530-05 

355 

0.901 10-05 

356 

0.93070-05 

357 

0 . 9m  7cD-05 

353 

0.  I010D-04 

359 

0. 1  01 2D-04 

360 

0.10120-04 

361 

0. 10150-04 

362 

0. 10160-04 

363 

0.  t  0 1  CD -04 

364 

0.10150-04 

365 

0.10070-04 

366 

0. 1 C270-04 

3b  7 

0. 10900-04 

3o8 

0. 1093D-04 

369 

0.10530-04 

370 

0. 10650-04 

371 

0. 1  0  ?6D'0<» 

372 

0. 10‘=5D-C4 

373 

0.10950-04 

374 

0 . 1 095D-04 

375 

0. 1095D-04 

376 

0. 1  C  960  -  04 

377 

0. 1 0980-04 

378 

0 . 1 0°bD- 04 

379 

0.  1  09l'D-  04 

390 

0. 10670-04 

3S1 

0 . 1 C- 20-04 

332 

0. 1 099D-04 

393 

0. 109^0-04 

394 

0.11010-04 

385 

0.11010-04 

3-6 

0.11  CCD -04 

337 

0  .  1  1020-04 

3SS 

0.11030-04 

309 

0 . 1 1030-04 

390 

0. 1  1030-04 

391 

0 . 1 1 CID-04 

392 

0.  1  I03D-0m 

393 

0.11030-04 

394 

0.11030-04 

395 

0.11030-04 

3^6 

4T 

o 

a 

t-y 

o 

o 

347 

0.11030-04 

393 

0.11030-04 

399 

0 . 1  1030-04 

400 

0.1103D-04 

401 

0.  1  1020-C4 

402 

0.1 1 030-04 

903 

0. 1  1030-04 

404 

0.11030-04 

405 

0.1 1040-04 

h06 

0.  1  1  C-.O-Om 

*07 

0. 1 106D-04 

403 

0.113  D-04 

409 

0.  1 1610-04 

410 

0. 1 1=b0-04 

^1  1 

0  .  1  1  9-0-0m 

412 

0. 124*90-04 

413 

0 . 1 26oD- 04 

414 

0.1266D-04 

415 

0.12730-04 

Ml  6 

0. 12750-04 

-.17 

0.12810-04 

418 

0. I233D-04 

419 

0.12640-04 

420 

0.12650-04 

421 

0. 12C20-04 

422 

0.12900-04 

42  3 

0. 12c0D-04 

424 

0 . 1 2°00-04 

425 

0.1 3250-04 

426 

0. 1 3520-04 

427 

0.1 3520-04 

428 

0.1 356D-04 

429 

0.13590-04 

430 

0 . 1  35  *0-04 

H  31 

0.1 35-0-04 

432 

0.13600-04 

433 

0.1 3670-04 

4  34 

0.13o7D-04 

435 

0.1367D-04 

4  36 

0. 1 3670-04 

437 

0.1 3670-04 

433 

0.1 3b70-04 

439 

0 . 1 368D-04 

440 

0 . 1  3  72D-04 

44 1 

0.1 3720-04 

442 

0. 13720-04 

44  3 

0.1 3740-04 

444 

0.13740-04 

445 

0.13750-04 

ms6 

0. ! 3750-04 

447 

0.13750-04 

443 

0.1 375D-04 

449 

0.1 3750-04 

450 

0.13750-04 

m31 

0.1  3750-0** 

452 

0 . 1 3750- Oh 

453 

0.1 3750-04 

454 

0.13750-04 

455 

0.13750-04 

456 

0. 1 375D-04 

457 

0.1 3760-04 

453 

0. 1 375D-04 

459 

0.1 3750-04 

460 

O.I3/6D-04 

4o1 

0. i 3770-04 

462 

0.14110-04 

463 

0.  l45f'0-04 

464 

0. I463D-04 

465 

0. 15450-04 

466 

0.  1  5*«60  -  04 

467 

0. 155CD-0** 

463 

0. 1550D-04 

469 

0.15530-04 

470 

0. 1557D-04 

471 

0. 15370-04 

4  72 

0. 155*0-04 

473 

0.15610-04 

474 

0.16300-04 

4  75 

0.16300-04 

476 

0 . n  310-04 

4  77 

0 . 16310-04 

4  78 

0. 1631D-04 

479 

0. 163ID-04 

460 

0.16320-04 

461 

0  .  1  6  3  30- 04 

482 

0. 163*0-04 

433 

0. 163(0-04 

484 

0. 163'0-04 

495 

0. 16390-Om 

mo6 

0  .  ‘  6  3  : 0  -  0  m 

4  S  7 

0  .  16320-04 

453 

0. 1 6  3CD- 04 

499 

0.16350-04 

490 

0 . 1 6*  PD  - Om 

491 

0  .  U  mC0-0m 

-.42 

0.16410-04 

493 

0 .16410-04 

4  94 

0.16430-04 

495 

0. 16.30-04 

496 

0 . 1  64 -.0-04 

497 

0  .  16440-04 

493 

0. 16-.5D-04 

499 

0.16450-04 

500 

0 . 16-.60-04 

501 

0  .  *  C  -,60-04 

502 

0. 16460-04 

503 

0. 16460-04 

504 

0. 16460-04 

505 

0 . 16460-04 

506 

0  .  1 1-,  ,0-0m 

507 

0  .  1 6**60- Oh 

503 

0 . 16440-04 

509 

0. 1O-.6D-04 

510 

0. 16-.60-04 

511 

0.  1  6m  70-  0-» 

512 

0 . 1 6*4  7D -  04 

513 

0. 1 7340-04 

514 

0 . 1  902D- 04 

515 

0. 1  o02D-0‘* 

516 

0 . 1 9030-04 

51  7 

0  .  1 904D-04 

518 

0 . 1  CC40 -  04 

519 

0 . 1  5950-0-4 

520 

0.16060-04 

521 

o .  1 9 :  t  o  -  o  4 

522 

0. 19090-04 

523 

0.19100-04 

524 

0.191 20-04 

525 

0.16110-04 

5  26 

0.141 1 D -  0m 

527 

0.19110-04 

528 

0.  I9U0-04 

529 

0.19150-04 

530 

0.10150-04 

531 

0.  19160-04 

5  32 

0.1 9160-04 

533 

0. 19180-04 

534 

0. 19| CD- 04 

535 

0.19160-04 

536 

0. 1 9120-04 

537 

0. 19160-04 

5  38 

0.19160-04 

539 

0. 19160-04 

540 

0.19160-04 

5*1 

0 . 1 cigo-Cm 

542 

0  .  1 oifO-04 

543 

0.19180-04 

544 

0. 16160-04 

545 

0. 19160-04 

546 

0 . 1 91C0-04 

5  <7 

0. 19160-04 

548 

0. 19160-04 

549 

0.201 10-04 

550 

0.20160-04 

551 

0  .C2C0-04 

552 

0 . 20960- 04 

553 

0.20960-04 

554 

0 . 20e6D-04 

555 

0.20960-04 

556 

o . :  1210-04 

557 

0.21050-04 

558 

0.21730-04 

559 

0.21720-04 

560 

0.21 730-04 

561 

021 740-04 

562 

0.21 7mO-04 

563 

0.21740-04 

564 

0.21750-04 

565 

0.21600-04 

566 

0.21 620-04 

567 

0.21820-04 

563 

0.21320-04 

569 

0.21630-04 

570 

0.21070-04 

571 

0  212-20-04 

572 

0.21 850-04 

573 

0.21900-04 

574 

0.21900-04 

575 

0.21900-04 

576 

0.21 c20-04 

577 

0.21900-04 

578 

0.2l«0D-04 

579 

0.21900-04 

580 

0.21900-04 

581 

0.221 70-04 

562 

0.22750-04 

583 

0.23600-04 

584 

0.23760-04 

585 

0.23760-04 

586 

0  2  376  0-04 

597 

0.24450-04 

588 

0.24450-04 

509 

0.24450-04 

590 

0.24490-04 

591 

*  _  530-04 

592 

0. 24530-04 

593 

0 . 24540-04 

5»4 

0. 24540 

595 

0.24540-04 
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596 

0.24540-04 

597 

0.24550-04 

598 

0.24560-04 

599 

0.24570-04 

800 

0.24570-04 

601 

0. 24560-04 

602 

0.24590-04 

603 

0.24600-04 

604 

0.24620-04 

805 

0.24620-04 

606 

0 . 2462D-04 

607 

0.24620-04 

60S 

0.24620-04 

609 

0.25460-04 

810 

0.2640D-04 

611 

0.27170-04 

612 

0.27170-04 

613 

0.27170-04 

614 

0.27170-04 

815 

0.27190-04 

616 

0 .27190-04 

617 

0 . 2725D-04 

618 

0.27250-04 

619 

0.27250-04 

820 

0.27260-04 

621 

0.272=0-04 

622 

0.272=0-04 

623 

0.272=0-04 

624 

0.27320-04 

825 

0.27330-04 

626 

0 .27330-04 

627 

0 . 2  7330-0*+ 

628 

0.2826D-04 

629 

0.291 10-04 

630 

0.2933D-04 

651 

0.29200-04 

632 

0.293SD-04 

633 

0 . 2990D-04 

634 

0.2994D-04 

635 

0.29970-04 

636 

0.29970-04 

637 

0.29970-04 

633 

0.29920-04 

639 

0.29930-04 

640 

0.299SD-04 

641 

0.30010-04 

642 

0.30020-04 

64  3 

0.30030-04 

644 

0.30040-04 

645 

0. 303=D-04 

646 

0.31 73D-04 

647 

0.31910-04 

643 

0. 3260Q-04 

649 

0.32600-04 

650 

0.32620-04 

651 

0.32620-04 

652 

0.32660-04 

653 

0.32690-04 

65= 

0.32690-04 

655 

0.32730-04 

656 

0.32750-04 

657 

0.32770-04 

658 

0.32770-04 

659 

0 . 3277D-04 

660 

0. 3277D-04 

661 

0.32770-04 

662 

0.32770-04 

663 

0.32770-04 

664 

0.32770-04 

665 

0.32770-04 

666 

0.35320-04 

66  7 

0 . 3S320-04 

663 

0 . 3532D-04 

669 

0.35320-04 

670 

0.35330-04 

671 

0 . 35340-04 

672 

0.35320-04 

673 

0.35410-04 

674 

0 . 3545D-04 

675 

0.35450-04 

676 

0 . 35.50-04 

677 

0.35460-04 

673 

0.35470-04 

679 

0.35430-04 

630 

0.35430-04 

661 

0.37270-04 

662 

0.33030-04 

633 

0 . 3S07D-P4 

664 

0.35000-04 

685 

0.33120-04 

=  66 

0 . 3S120-04 

637 

0.30130-04 

6S3 

0.2320D-04 

689 

0 . 33200-04 

690 

0.33200-0= 

691 

0 . 33200-04 

692 

0.40100-04 

693 

0.40750-0= 

694 

0.40760-04 

695 

0 . 40  760- 04 

696 

0  .  *.02  10-04 

697 

0. 40330-04 

6=3 

0.40330-0= 

699 

0.40330-04 

700 

0.40330-0= 

701 

0  .‘.0230-04 

702 

0.40330-04 

703 

0.403=0-0= 

704 

0. 40560-04 

705 

0  .4033D-04 

706 

0.40920-04 

707 

0.40920-04 

708 

0.42610-04 

709 

0.42730-04 

710 

0 .43=70-04 

71 1 

0.434  70-04 

712 

0.43470-04 

713 

0 . 4353D-C4 

714 

0.43550-04 

715 

0.43=60-04 

716 

0 . 4  35  70  -  04 

717 

0.43560-04 

718 

0 . 4353D-04 

719 

0.4359D-04 

720 

0.43670-04 

721 

0.43630-04 

722 

0.436  30-04 

72  3 

0.43630-04 

724 

0.44410-04 

725 

0.45410-04 

726 

0 . 45. 40  -  04 

727 

0.46160-04 

729 

0.461 9D-04 

729 

0.46190-04 

730 

0.4620D-04 

731 

0 .46270-04 

732 

0.46270-04 

733 

0.46270-04 

734 

0.46270-04 

735 

0.46310-04 

736 

0 .46310-04 

737 

0.43=00-04 

733 

0.4390D-04 

739 

0.439ID-04 

740 

0.48960-04 

741 

0.46920-04 

742 

0.43990-04 

743 

0.49050-0= 

744 

0.4=070-04 

745 

0 . 5093D-04 

746 

0.51 7CO-04 

747 

0.51730-04 

743 

0.51 72D-04 

749 

0.517=0-04 

750 

0.54330-04 

751 

0 .54340-04 

752 

0.54410-04 

753 

0 . 5==2D-0= 

754 

0.54420-0= 

755 

0.5=420-04 

756 

0 .54450-04 

757 

0.54450-04 

753 

0.5.50D-04 

759 

0.54500-04 

760 

0.5=500-04 

761 

0.57050-04 

762 

0 .57060-04 

76  3 

0.57C60-P4 

764 

0.57060-04 

765 

0 . 57080-04 

766 

0.57130-04 

767 

0.57140-04 

763 

0.57220-0= 

769 

0.57220-0= 

770 

0.57220-04 

771 

0.59050-04 

772 

0.59770-04 

773 

0.5=350-0= 

774 

0.593=0-04 

775 

0.5=3=0-04 

776 

0.59930-04 

777 

0.62420-04 

778 

0.62490-0= 

779 

0.62510-04 

780 

0.62510-04 

761 

0.62570-04 

732 

0.62570-04 

733 

0 . 6253D-04 

73= 

0 . 626PD-04 

785 

0.62670-04 

766 

0.62690-04 

787 

0 .64470-04 

763 

0.65200-0= 

739 

0.65210-0= 

790 

0.65210-04 

791 

C  .65210-C  4 

!  '  4. 

0.65210-0-4 

793 

0.652=0-0= 

794 

0.65310-04 

795 

0.65370-04 

796 

0 .65370-04 

797 

0.67920-04 

793 

0.67920-0= 

799 

0 . 6792D- 04 

800 

0.67930-04 

601 

0 .67940-04 

802 

0.67=60-04 

603 

0 . 706=0-0= 

60  = 

0.70640-04 

605 

0 . 70640-0= 

606 

0.70640-04 

807 

0.70660-04 

603 

0. 70600-0= 

809 

0.70690-04 

610 

0.70700-04 

61  1 

0.70720-04 

612 

0.707=0-04 

813 

0. 70 750- C4 

814 

0.7335D-04 

615 

0.73350-04 

616 

0 . 73350-04 

81  7 

0.73360-04 

818 

0.73  =0-04 

619 

0.73=30-04 

820 

0.73430-04 

621 

0 . 73500-04 

822 

0.76070-04 

823 

0 . 76070-04 

624 

0 . 76070-04 

825 

0.76110-04 

626 

0.761.0-04 

827 

0. 761  70-04 

828 

0 . 787=0-0  = 

829 

0.787=0-04 

630 

0 . 76370-04 

631 

0.61510-04 

832 

0.61520-04 

633 

0.815=0-04 

83  = 

0.6=220-04 

635 

0.04220-04 

636 

0 .84220-04 

837 

0.64270-04 

838 

0 . S= JPD-04 

639 

0.E43I0-04 

640 

0.64340-04 

641 

0.66=50-04 

642 

0.87020-04 

6=3 

0.87020-04 

644 

0.6=650-04 

8=5 

0.8=650-04 

6=6 

C .S-560-04 

647 

0 .89o6D -04 

843 

0. =2370-04 

049 

0 . 92  3  30-04 

850 

0.92470-04 

851 

C  .  92J.O-0-* 

852 

0.950=0-0-4 

853 

0.95120-0= 

85= 

0.951 30-04 

855 

0.95170-04 

656 

0.95220-04 

857 

0.95240-04 

858 

0.95250-04 

859 

0.95250-04 

860 

0.96950-04 

.61 

0.97200-04 

662 

0.97300-04 

863 

0 . 97P0D-04 

864 

0.97310-04 

865 

0.97060-04 

666 

0 . 979ID-04 

667 

0.100=0-03 

868 

0.10060-03 

869 

0.10060-03 

870 

0. 1006D-03 

871 

0.10060-03 

872 

0.10320-03 

673 

0. 10  320-03 

874 

0.10330-03 

875 

0.10330-03 

676 

0.10330-03 

877 

0.10330-03 

670 

0.10330-03 

679 

0.10340-03 

880 

0.10360-03 

681 

0.10600-03 

662 

0.10600-03 

883 

0.  I060D-03 

664 

0.10600-03 

885 

0.10610-03 

636 

0.  10570-03 

6S7 

0.  torso-os 

633 

0.10360-03 

689 

0. 10C8D-03 

890 

0.11140-03 

891 

0._M140-03 

892 

0.11140-03 

893 

0.1 1 140-03 

694 

0.1  i  !50-£» 

39= 

0.11150-03 
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896 

0.11330  -03 

897 

0. 1 141D-03 

898 

0.11410-03 

899 

0.11420-03 

900 

0.11430-03 

901 

0. 11680-03 

902 

0.11680-03 

903 

0.1 168D-03 

904 

0.11690-03 

905 

0.11690-03 

906 

0.1  1  700-03 

907 

0.11950-03 

90S 

0.11960-03 

909 

0.11960-03 

910 

0.11=60-03 

911 

0.12230-03 

912 

0.12510-03 

913 

0.12510-03 

914 

0. 12680-03 

915 

0. 12690-03 

916 

0.12770-03 

917 

0.1278D-03 

918 

0.12060-03 

919 

0 . 1 305D-03 

920 

0.13320-03 

921 

0.13330-03 

922 

0.135SD-03 

923 

0. 1358D-03 

924 

0. 1358D-03 

925 

0.13590-03 

926 

0.13590-03 

927 

0.13700-03 

928 

0.13860-03 

929 

0.13860-03 

930 

0 . 141 3D-03 

931 

0.14140-03 

932 

0. 146  70-03 

933 

0.14670-03 

934 

0.15220-03 

935 

0. 1522D-03 

936 

0. 15400-03 

937 

0.15490-03 

938 

0.15760-03 

939 

0.15760-03 

940 

0. 1577D-03 

941 

0. (6030-03 

942 

0.1659Q-03 

943 

0.16850-03 

944 

0.16650-03 

945 

0.17120-03 

946 

0.17120-03 

94  7 

0.173=0-03 

9*3 

0. 17390-01 

949 

0.18200-03 

950 

0.18200-03 

951 

0.16200-03 

952 

0.18200-03 

053 

0.18220-03 

954 

0.18470-03 

955 

0. 1876D-03 

956 

0. 1*5030-03 

957 

0.19560-03 

958 

0.19830-03 

959 

0.1=830-03 

960 

0.201 PD-03 

961 

0.20660-03 

962 

0 . 2066D-03 

963 

0.21200-03 

964 

0.21730-03 

965 

0.22010-03 

966 

0.22200-03 

967 

0.22250-03 

968 

0.222OD-03 

969 

0.22830-03 

970 

0 . 2365D-03 

971 

0.23910-03 

972 

0 . 2391 D-03 

973 

0.23920-03 

974 

0 . 2445D-03 

975 

0 . 2473D-03 

976 

0.24730-03 

977 

0.25540-03 

978 

0.2554D-03 

979 

0 . 2555D-03 

930 

0.26630-03 

931 

0.26630-03 

932 

0.2799D-03 

983 

0 . C954D-03 

<584 

0 . 29350-03 

955 

0.32060-03 

036 

0.36130-03 

937 

0.39120-03 

933 

0.40750-03 

989 

0.40760-03 

990 

0.42650-03 

991 

0.42650-03 

99  z 

0.4320D-03 

993 

0.46460-03 

994 

0.43090-03 

9^5 

0  .48640-01 

996 

0.49170-03 

997 

0.55150-03 

998 

0.55160-03 

999 

0.79340-03 

1000 

0.11820-02 
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CONCLUSIONS  AND  RECOMMENDATIONS 

In  this  report  a  methodology  for  estimatinq  the  time  to  failure 
of  rockets  hy  usinq  probabilistic  analysis  has  been  described  and 
illustrated.  In  particular,  a  probabilistic  model  of  the  environment 
to  which  rockets  are  exposed  in  real  life  situations  was  developed. 
As  an  example,  the  Sidewinder  rocket  motors  were  considered,  and  the 
realistic  environmental  and  logistic  (i.e.,  movement  of  rockets  from 
one  location  to  another)  data  were  probabilistically  modeled.  The 
methods  used  are  qeneral  and  can  be  applied  to  other  rockets.  Sev¬ 
eral  computer  proqrams  were  written  in  the  course  of  this  pro.iect 
with  the  final  aim  beinq  the  development  of  a  probabilistic  environ¬ 
mental  model  that  predicts  the  time  to  failure  of  rockets.  Failure 
occurs  when  the  rocket  has  exceeded  an  allowable  level  of  cumulative 
damaqe.  In  this  report  the  damaqe  was  caused  by  thermal  stresses  due 
to  external  temperature  only.  There  are  other  causes  besides  temper¬ 
ature  for  damaqe  in  rockets  (such  as  shock  and  vibration,  chemical 
aqinq  of  the  propellant,  humidity,  and  radiation).  It  is  recommended 
that  these  other  effects  be  added  into  the  damaqe  calculation. 

The  Sidewinder  damaqe  calculations  indicate  the  need  for  an 
extensive  analysis  of  captive  fliqhts,  which  is  the  sinqle  most  dam- 
aqinq  environment.  In  spite  of  the  relatively  short  portion  of  its 
life  that  a  rocket  spends  in  captive  fliqht,  the  damaqe  incurred  Is 
more  than  100  times  the  damaqe  that  occurs  in  storaqe. 

For  Sidewinder  rockets,  the  Navy  storaqe  locations  are  situated 
in  mild  climates.  The  most  damaqinq  location  was  Tokyo/Atsudi .  The 
damaqe  durinq  storaqe  Is  minimal.  Rockets  aboard  ships  also  exper¬ 
ience  a  mild  temperature.  The  surrounding  sea  acts  as  a  temperature 
stabilizer  and  ships  do  not  frequently  travel  in  very  cold  and  icy 
waters  where  damaqe  could  be  hlqher.  Truck  and  train  transportation 
and  air  transportation  are  more  damaqinq  than  storaqe  but  (at  least 
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two  orders  of  magnitude)  less  damaging  than  captive  flight.  In  cap¬ 
tive  flight  the  rocket  is  directly  exposed  to  the  surroundings,  and 
the  air  temperature  at  high  altitude  can  he  very  cold  and  hence  cause 
a  larger  amount  of  damage  because  the  damage  rate  is  large. 

These  results  suggest  the  need  for  a  follow-on  effort  for  a  more 
extensive  analysis  of  captive  flights.  For  example,  careful  measure¬ 
ments  of  rocket  skin  and  propellant  temperatures  during  captive 
flights  are  suggested  (there  are  presently  a  limited  number  of 
reports  describing  temperature  variations  during  captive  flights  [NWC 
TP  5365,  Part  1  and  Part  2] 14  ).  The  measured  temperatures  then  can 
be  used  to  compare  with  computed  transient  temperatures  throuqh  the 
propellant  cross  section.  Finally,  coupling  this  with  a  viscoelastic 
analysis  proqran  (possibly  Jeter's  code  "Travis"22)  allows  deter¬ 
mination  of  stresses.  From  this  data,  the  damage  during  captive 
flight  can  be  established  as  a  function  of  several  important  param¬ 
eters  such  as  (1)  fliqht  altitude,  (2)  time  to  achieve  this  altitude, 
(3)  flight  speed,  (4)  position  of  rocket  on  the  plane  (there  can  be 
differences  in  skin  temperatures  of  rockets  depending  on  where  they 
are  placed  on  the  plane),  (5)  descent  time.  This  information  can  be 
computerized,  and  by  describing  the  characteristics  of  every  captive 
flight  (i.e.,  the  flight  altitude,  rise  time,  etc.),  the  relative 
damage  for  each  rocket  in  a  fleet  could  be  monitored.  The  rockets 
whicn  accumulate  most  significant  levels  of  damaqe  should  be  expend¬ 
ed,  discarded  or  used  subsequently  in  "less  damaging"  fliqhts.  The 
ultimate  objective  of  this  proposed  scheme  is  to  maximize  combat 
readiness  by  reducinq  rocket  failures  and  increasing  the  overall  life 
expectancy. 

An  activity  should  be  initiated  to  establish  the  location  within 
the  propellant  most  susceptible  to  damaqe  from  fluctuations  in  the 
external  temperature.  The  analyses  in  this  report  are  based  on  the 
assumption  that  the  bore  is  the  critical  location.  Although  it  is 
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known  that  this  is  an  important  location  for  occurrence  of  maximum 
stresses  under  some  conditions,  the  assumption  that  this  is  the  most 
critical  location  from  the  standpoint  of  damaqe  is  not  proven. 
Neither  have  we  shown  that  "flaw",  i.e.,  a  crack,  is  equivalent  to 
end  of  useful  life. 

Installation  of  the  computer  codes  developed  during  the  course 
of  this  project  on  a  China  Lake  Naval  Weapons  Center  computer  system 
is  also  planned.  These  programs  can  be  used  for  other  rockets  with 
different  dimensions  and  properties  by  simply  modifying  the  input 
data.  The  environmental  data  and  logistics  (movement  of  rockets)  can 
be  determined  for  the  specific  rocket  by  using  these  codes  in  a  simi¬ 
lar  manner  as  was  done  for  Sidewinder. 


NWC  TP  6305 


REFERENCES 


1.  Bills,  K.W. ,  Jr.,  and  Wiegand,  J.H. ,  "The  Application  of  Inte¬ 

grated  Structural  Analysis  to  the  Prediction  of  Reliability," 
Proceedings  of  the  Ninth  Reliability  and  Maintainability  Con- 
7erence~,~~T!itr~olt7~Mi'cHTga'n,'  20-22  July  T970. — (WTA1TS1  FTECT.  J - 

2.  Cost,  T.L.,  and  Dagen,  J.D. ,  "Probabilistic  Service  Life  Pre¬ 
diction  of  Solid  Rocket  Motors  Subjected  to  Thermal  Loads  Using 
Computer  Simulation,"  JANNAF  Structures  and  Mechanical  Behavior 
Subcommittee  Meeting,  CPIA  Publication  No.  283,  February  1977. 
(UNCLASSIFIED.) 

3.  Heller,  R.A. ,  Thermal  Stress:  A  Narrow  Band  Random  Load  in  a 
Solid  Propel lairE  Cylinder.  07SI  Army  Missile  Command.  Hay 
EX  (Technical  Report  RK-7T-1,  UNCLASSIFIED.) 

4.  Cost,  T.L.,  "Service  Life  Predictions  for  Thermal  Loads  Using 

Viscoelastic  Finite  Element  Simulation  HodelsrU.S.  Army  Missile 
Research  and  Development  Command ,  Redstone  Arsenal,  Alabama, 
December  1978.  (Technical  Report  T-CR-79-3,  UNCLASSIFIED.) 

5.  Cost,  T.L.,  "Long  Range  Service  Life  Prediction  for  Thermal 

Cycling,"  JANNAF  Structures  and  Mechanical  Behavior  Subcom¬ 
mittee  Meeting,  Huntsville,  Alabama,  December  1980. 
(UNCLASSIFIED.) 

6.  Cost,  T.L.,  and  Weeks,  G.E.,  Probabilistic  Methods  in  Solid 

Rocket  Motor  Structural  Integrity  Analysis^"  Athena  Engineering 
Company ,  December  1980.  (Technl  cal  Report  No.  RK-CR-80-9, 
UNCLASSIFIED.) 

7.  Lee,  E.H. ,  "Viscoelasticity,"  in  Handbook  of  Engineering  Mecha¬ 
nics,  W.  Flugge,  Ed.,  (Chapter  53,  General  Survey),  licfiraw-HIl  1 
"BooF  Company,  New  York,  1962. 

8.  Heller,  R.A. ,  "Thermal  Stress  as  a  Narrow-Band  Random  Load," 

ASCE  Journal  of  the  Engineering  Mechanics  Division,  EM5,  October 
1975. 

9.  Naval  Weapons  Center,  Environmental  Criteria  Determination  for 
Air-Launched  Tactical  Propulsion  Systems.  Part  1:  Stockpile" 
to-Target  Sequence,  by  H.  C.  Schafer.  China  Lake,  California, 
NWC,  July  1968".  (NWC  TP  4464,  Part  1,  publication  UNCLASSIFIED.) 

10.  Shooman,  M.  L.,  Probabilistic  Reliability,  An  Engineering 
Approach,  New  York,  McGraw-Hill  Book  Company,  1968. 


89 


NWC  TP  6305 


11.  Forsythe,  G.E.,  "RANDK,  Random  Number  Generator,"  Stanford  Uni¬ 

versity,  Department  of  Computer  Science,  Stanford  University 
Center  for  Information  Technology  Computer  Program,  1969. 
[UNCLASSIFIED.)  ' 

12.  ‘-aval  Ordnance  Test  Station.  Storage  Temperature  of  Explosive 
Hazard  Magazines.  Part  2:  Western  Pacific,  by  T‘.  S.  Kurotori 
and  M.  C.  Schafer.  China  Lake-,  Ca,  NOTS,  July  1967.  (NOTS  TP 
-143,  Pt.  2,  publication  UNCLASSIFIED.) 

13.  Naval  Weapons  Center.  Thermal  Exposure  of  Anmunition  on  Board 
Ship.  Part  1:  Cruisers" and  Large  Destroyers;  Part  2:  Ai rcraft 

arriers,  by  S.  Matsuda  and  HT  C.  Schafer.  China  Lake,  CA','  NWC, 
‘"’arch  1970,  October  1979.  (NWC  TP  4824,  Parts  1  and  2,  publica¬ 
tions  UNCLASSIFIED.) 

14.  Naval  Weapons  Center.  Measurement  of  Missile  Thermal  Response 
Curing  Captive  Flight  at  High  Altitudes,"  Parts  1  and~2"by"H.  C. 
Schafer.  China  Lake,  CA,  NWC,  March  1973.  (NWC  TP  5365,  publi¬ 
cation  UNCLASSIFIED. ) 

15.  Naval  Weapons  Center.  Temperature  Profiles  of  Air  Transported 
Material  ,  by  H.  C.  Schafer  and  R.  A.  Dickus.  China  Lake,  CA, 
NWC,  October  1970.  (NWC  TP  4828,  publication  UNCLASSIFIED.) 

16.  Naval  Weapons  Center.  Temperature  Profiles  of  Truck  Transported 
Vd  nance,  by  Billy  D.  Martin  and  Howard  Schafer.  China  Lake, 
^A,  NWC,  June  1970.  (NWC  TP  4822,  publication  UNCLASSIFIED.) 

17.  Carslaw,  H.S. ,  and  Jaeger,  J.C. ,  "Conduction  of  Heat  in 
Solids,"  Second  Ed.,  Oxford  Press,  19597 

18.  nil  Hams,  J.L.,  Blatz,  P.J.,  and  Shapery,  R. ,  "Fundamental  Stud¬ 

ies  Relating  to  Systems  Analysis  of  Rocket  Propellants,"  Cali¬ 
fornia  Institute  of  Technology,  pp. 165-166,  1961.  (GALCIT, 

SM61-5,  UNCLASSIFIED.) 

19.  Shapery,  R. ,  "A  Method  of  Viscoelastic  Stress  Analysis  Using 
Slastic  Solutions,  "Journal  of  Franklin  Institute.  179.  No.  4. 

pri  1  1965.  - 

20.  _ee,  E.H. ,  and  Rogers,  T.G. ,  "Solution  of  Viscoelastic  Stress 
Analysis  Problems  Using  Measured  Creep  of  Relaxation  Functions," 
Journal  of  Applied  Mechanics,  30,  pp.  127-133,  March  1963. 


NWC  TP  6305 


21.  Bischel,  K.G. ,  and  Wiegand,  J.H. ,  "Life  Prediction  of  Solid 
Rocket  Propellant  Grains  in  Storage  from  Tensile  and  SEC  Data," 
February  1977.  (UNCLASSIFIED.) 

22.  E.  L.  Jeter.  A  Thermoviscoelastic  Study  of  a  Solid  Rocket  Pro¬ 
pellant  Grain.  Thesis  submitted  to  Stanford  University.  March 
19715:  (Publication  UNCLASSIFIED.) 

23.  Abramowitz,  M. ,  and  Stegun,  I. A.,  "Handbook  of  Mathematical 
Functions,"  National  Bureau  of  Standards,  Applied  Mathematics 
Series,  55,  pp.  379-389,  Dover  1968. 


91 


NWC  TP  6305 


APPENDIX  A 


Cumulative  Density  Functions  of  Storage  Location 
Temperature  Amplitudes 
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APPENDIX  B 


Parameters  Used  for  the  Solution 
of  the  Heat  Equation 
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E(r)  =  ber  p^r  +  c  ker  p^r  -  d  kei  p^r 
F(r)  *  bei  p^r  +  c  kei  p^r  +  d  ker  p^r 
where 


to  -  frequency  (annual  or  diurnal) 
k^  *  thermal  diffusivity  of  propellant 
ber,  bei,  ker,  dei  are  Kelvin  functions  of  order  zero  (Ref.  23) 
c  *  Re  (o) 
d  »  Im  ( o) 


CjPj 

Ij(/T p2a)  1 0(/T pjS)  -  — -  Ijf.T  p:»)  IQ{/7  p?a) 

c2p2 


C1P1 

Kj(/T  p2a)  Ifl(/T  Pja)  +  I^.T  p^)  ko(,T  p2a) 
P1  "  ***  therm*^  diffusivity  of  air) 


i  •  /T 

I0,  Ij,  K0,  Kj  are  modified  Bessel  functions  (Ref.  23) 

Ci  and  C2  »re  thermal  conductivities  of  air  and  propellant 
respectively. 
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APPEND I X  C 


Location  Codes 

(Duration  of  Stay  in  Each  Location 
Transition  Markov  Matrix) 
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ROCKET  10  iON  COOES 


wH 

zs 


27 


U5A 
P5M 
ISRAE 
UFO 
KITT 

6  GU.M 

7  i,  JE 

a  co3  a 

9  JFK 
10  MIOU 
1  1  CONS 

1 2  SU3IC 

13  CONC 

14  YUMA 

15  SEAL 

16  MI PA 

17  CALL 

18  PANG 

19  KANE 

20  ENTE 
Cl  CPIS 
22  SHAS 
C 3  ATSUG 

SOAR 
SI  P  I 
CCEA 
ELT 
Cd  5- RA 
C9  EUTT 

30  HIM 

31  FORR 
3C  PC 05 

33  NAHA 

34  KAOE 

35  FUN 

36  HULL 

37  NVC 

38  MAFS 

39  BAKE 

40  BEAU 

41  A0R5 

4C  n:p 

43  SIN3P 

44  ANER 

45  FOR 

46  OANG 

47  OET 

48  VF-17 

49  NITR 

50  NELL 

51  VF -43 

52  POTA 

53  \F-10 

54  VF-11 

55  CHER 

56  EISEM 

57  KEY 

58  CAN! 

59  IWAK 


60  CAMD 

6 1  HALE 
t>2  GA1 

63  KISK 

64  059 

65  NPG 

66  CVSG- 

67  GF1 
63  FSPPA 


NUMBER 

01  iS  SPENT 

IN  EACH 

LOCATION 

1 

0.4775E+06 

2 

0. 122 7E *06 

60 

0.-..  0E«03 

3 

0 . 2304E+05 

61 

0.21  70E  +  03 

4 

0 . 9034E+05 

62 

0.1166E"04 

5 

0.831SE+04 

63 

0.3300E+03 

6 

0 . 1 393E+02 

64 

0 . 2300E  +  03 

7 

0 . 1 360E+05 

65 

0.5220E+04 

e 

0 . 1 514E  +  05 

66 

0.4000E+0! 

9 

0 . 5076E+05 

67 

0.4946E«fll 

to 

0.3494E+05 

68 

0.Z740E+0J 

11 

0.I086E+05 

69 

0.307IE+03 

12 

0.1001 E+OS 

"ABSORBING  STATE* 

19 

13 

0.6297E+05 

"ABSORBING  STATE* 

as 

14 

0 . 9695E+04 

"ABSORBING  STATE* 

46 

15 

0.4734E+04 

"ABSORBING  STATE* 

SI 

16 

0.2«6IE+05 

"ABSORBING  STATE* 

52 

17 

0.4470E+03 

"ABSORBING  STATE* 

54 

IS 

0.4092E+04 

19 

0.36S7E+04 

20 

0. 1862E  +  05 

21 

0.5590E+04 

22 

0.9790E+03 

23 

0.8090E+03 

24 

0 . 1 975E+04 

25 

0.411 4E+03 

26 

0.11 77E+05 

27 

0.2107E+04 

28 

0. 1903E+05 

29 

0 . 7509E+04 

30 

0.8113E+04 

31 

0 . 241 7E+04 

32 

0.6877E+04 

33 

0 . 3092E+04 

34 

0.6550E+03 

35 

0. 1200E+02 

36 

0. 1950E+03 

37 

0.2383E+04 

39 

0.2»S0E+03 

39 

0 . 2296E+04 

40 

0.4537E+04 

41 

0. 1400E+02 

42 

0. 1600E+02 

43 

0 . 1 735E+04 

44 

0.Z439E+05 

45 

0.I898E+04 

46 

-0.2542E«06 

47 

0. 2675E*04 

-  48 

0.7000E+03 

49 

0.1192E+04 

50 

0. I230E+03 

51 

0.18S0E+04 

52 

0 . 1 215E+04 

53 

0.91 10E+03 

54 

0 . 7000E+03 

55 

0.2953E+04 

-  56 

0 . Z402E+04 

"  57 

0 . 8589E+03 

58 

0.0 

59 

0 . 5029E+04 
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RELATIVE  ,  .  SPENT 

1  0 . 1 4  30E*  04 

IN  EACH 

LOCATION 

2 

0. !496E*04 

60 

0.1  .  0 E*02 

3 

0.2560E+04 

61 

0. 1085E  *03 

4 

0.6022E*03 

62 

0. I665E*03 

5 

0 . 5941 E*03 

63 

0. 1267E*03 

6 

0. 1393E*02 

64 

0.2300E*03 

7 

0 . 71 57E*03 

65 

0.2610E*04 

8 

0.5S24E*03 

66 

0.2000E*01 

9 

0 . 7356E*03 

67 

0 . 4946E  *0 1 

10 

0 . 5294E403 

68 

0.2740E*03 

1  1 

0.835oE*03 

69 

0. 7546E-01 

12  0 . 3708E+03 

13  0.74095*03 

14  0.4S43E*04 

15  0.5260E*03 

16  0.14*45*04 

17  0.4470E*03 

18  0 . 53465*03 

19  0 . 3687E  *04 

20  0.7163E*03 

21  0 . 2942E*03 

22  O.OOC'E*03 

23  0.202CE*03 

24  0.3950E*03 

25  0.1030E*03 

26  0. 3677E*03 

27  0 . 1 053E  *04 

28  0.3660E*03 

29  0 . 3003E  *03 

30  0 . 3527E*03 

31  0 . 241 7E*04 

32  0.11 46E*04 

33  0 . 7731 E*03 

34  0 . 9550E*  03 

35  0. 3000E*01 

36  0.6500E*02 

37  0.11 92E*04 

33  0 . 7450E*02 

39  0 . 2551 E*03 

40  0.5671E*OJ 

41  0 . 7000E*0 t 

42  0 . 1800E*02 

43  0. 1 735E*04 

44  0.975oE*03 

45  0.9489E»03 

46  -Q.8472E-01 

47  0.49S3E«03 

48  0.7000E*03 

49  0. 1490E*03 

50  0 . 1 230E*03 

51  0.1880E»04 

52  0.12I5E*04 

53  0.911 0E*03 

54  0 . 7000E*03 

55  0 . 1477E*04 

56  0 . 1  201 E*04 

57  0>4295E*03 

53  0.0 

59  0 .41 91 E  *03 
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THE  PROBABILITY  MATRIX 

ROW  NUMBERS  1 


1 

0.0 

2 

0.004301 

3 

0.032258 

4 

0.008602 

5 

0.0 

6 

0.002151 

7 

0.023656 

8 

0.0 

9 

0.156989 

10 

0.017204 

1  t 

0.008602 

12 

0.0 

13 

0.010753 

14 

0.006452 

15 

0.004301 

16 

0.025806 

17 

0.0 

18 

0.004301 

19 

0.004301 

20 

0.006452 

Cl 

0.0 

22 

0.0 

23 

0.0 

£4 

0.010753 

25 

0.008602 

26 

0.062366 

27 

0.0 

28 

0.101075 

29 

0.049462 

30 

0.030103 

31 

0.002151 

32 

0.017204 

33 

0.002151 

34 

0.0 

35 

0.0 

36 

0.0 

37 

0.0 

38 

0.002151 

39 

0.010753 

40 

0.017204 

41 

0.002151 

42 

0.0 

43 

0.002151 

44 

0.047312 

45 

0.0 

46 

0.0 

47 

0.01 0753 

48 

0.0 

49 

0.015054 

50 

0.0 

51 

0.0 

52 

0.0 

53 

0.0 

54 

0.0 

55 

0.004301 

56 

0.0 

57 

0.004301 

58 

0.0 

59 

0.002151 

60 

0.0 

61 

0.0 

62 

0.0 

63 

0.0 

64 

0.0 

65 

0.0 

66 

0.0 

67 

0.0 

68 

0.0 

69 

0.281720 

POW  N'UM6EP  = 

2 

1 

0.118812 

2 

0.0 

3 

0.009901 

4 

0.059406 

5 

0.009901 

6 

0.0 

7 

0.0 

8 

0.029703 

9 

0.0 

10 

0.168317 

1  1 

0.0 

12 

0.039604 

13 

0.198020 

14 

0.0 

IS 

0.029703 

16 

0.009901 

17 

0.0 

18 

0.009901 

19 

0.0 

20 

0.0 

Cl 

0.009901 

22 

0.009901 

23 

0.0 

24 

0.0 

25 

0.0 

C6 

0.009901 

27 

0.009901 

28 

0.0 

29 

0.0 

30 

0.009901 

31 

0.0 

32 

0.009901 

33 

0.009901 

34 

0.009901 

35 

0.029703 

36 

0.0 

37 

0.0 

33 

0.0 

39 

0.0 

■*0 

0.0 

m1 

0.0 

42 

0.0 

43 

0.0 

44 

0.009901 

45 

0.0 

46 

0.0 

47 

0.0 

48 

0.0 

49 

0.0 

50 

0.0 

51 

0.0 

52 

0.0 

53 

0.0 

54 

0.0 

55 

0.0 

56 

0.0 

57 

0.0 

5S 

0.0 

59 

0.009901 

60 

0.0 

61 

0.0 

62 

0.0 

63 

0.0 

64 

0.0 

65 

0.0 

66 

0.0 

67 

0.0 

68 

0.0 

69 

0.188119 

POW  NUMBERS 

3 

1 

0.700000 

2 

0.0 

3 

0.0 

4 

0.0 

5 

0.0 

6 

0.0 

7 

0.0 

8 

0.100000 

9 

0.0 

10 

0.0 

1 1 

0.0 

12 

0.0 

13 

0.0 

14 

0.0 

IS 

0.0 

16 

0.100000 

17 

0.0 

18 

0.0 

19 

0.0 

20 

0.0 

Cl 

0.0 

22 

0.0 

23 

0.0 

24 

0.0 

25 

0.0 

C6 

0.0 

27 

0.0 

28 

0.0 

29 

0.0 

30 

0.0 

31 

0.0 

32 

o.o 

33 

0.0 

34 

0.0 

35 

0.0 

36 

0.0 

37 

0.0 

38 

0.0 

39 

0.0 

40 

0.0 

41 

0.0 

42 

0.0 

43 

0.0 

44 

0.0 

«5 

0.0 

46 

0.0 

47 

0.0 

48 

0.0 

49 

0.0 

50 

0.0 

51 

0.0 

52 

0.0 

53 

0.0 

54 

0.0 

55 

0.0 

56 

0.0 

57 

0.0 

56 

0.0 

59 

0.0 

60 

0.0 

61 

0.0 

62 

0.0 

63 

0.0 

64 

0.0 

65 

0.0 

'66 

0.0 

67 

0.0 

68 

0.0 

69 

0.100000 

ROW  NUMBERS 

4 

1 

0.027650 

2 

0.225806 

3 

0.004608 

4 

0.0 

5 

0.036866 

6 

0.0 

7 

0.004603 

8 

0.041475 

9 

0.004608 

10 

0.105991 

1 1 

0.027650 

12 

0.0 

13 

0.064516 

14 

0.0 

15 

0.009217 

16 

0.050691 

17 

0.0 

18 

0.0 

19 

0.004608 

20 

0.018433 

£1 

0.018433 

22 

0.0 

23 

0.0 

24 

0.0 

25 

0.0 

’  26 

0.0 

27 

0.004608 

23 

0.0 

29 

0.0 

30 

0.0 

’31 

0.0 

32 

0.0 

33 

0.0 

34 

0.0 

35 

0.0 

36 

0.0 

37 

0.004608 

38 

o 

o 

o 

-C' 

O' 

o 

CD 

39 

0.0 

40 

0.0 

41 

0.0 

42 

0.0 

43 

0.0 

44 

0.009217 

45 

0.0 

J 
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46 

0.0 

47 

0.0 

48 

0.0 

49 

0.0 

50 

0.0 

51 

0.0 

52 

0.0 

53 

0.0 

54 

0.0 

55 

0.0 

56 

0.0 

57 

0.0 

58 

0.0 

59 

0.004606 

60 

0.0 

61 

0.0 

62 

0.0 

63 

0.0 

64 

0.0 

65 

0.013825 

66 

0.0 

67 

0.0 

66 

0.004608 

69 

0.308756 

ROW  NUMBER = 

5 

t 

0.007916 

2 

0.007916 

3 

0.0 

4 

0.0 

5 

0.0 

6 

0.0 

7 

0.0 

8 

0.0 

9 

0.0 

10 

0.002639 

1 1 

0.0 

12 

0.0 

13 

0.002639 

14 

0.0 

15 

0.0 

16 

0.0 

17 

0.002639 

13 

0.002639 

19 

0.0 

20 

0.002639 

21 

0.0 

22 

0.0 

23 

0.0 

24 

0.0 

25 

0.0 

26 

0.0 

27 

0.0 

28 

0.0 

29 

0.0 

30 

0.002639 

31 

0.002639 

32 

0.0 

33 

0.0 

34 

0.0 

35 

0.0 

36 

0.0 

37 

0.0 

33 

0.002639 

39 

0.0 

40 

0.0 

41 

0.0 

42 

0.0 

43 

0.0 

44 

0.0 

45 

0.0 

46 

0.0 

47 

0.0 

48 

0.0 

49 

0.0 

50 

0.0 

51 

0.0 

52 

0.0 

53 

0.0 

54 

0.0 

55 

0.0 

56 

0.0 

57 

0.0 

58 

0.0 

59 

0.0 

60 

0.0 

61 

0.0 

62 

0.0 

63 

0.0 

64 

0.0 

65 

0.0 

66 

0.0 

67 

0.0 

63 

0.0 

69 

0.963061 

ROW  NUMBER3 

6 

1 

0.0 

2 

0.0 

3 

0.0 

4 

0.0 

5 

0.0 

6 

0.0 

7 

0.500000 

8 

0.0 

9 

0.0 

10 

0.0 

1  1 

0.0 

12 

0.0 

13 

0.0 

14 

0.0 

15 

0.0 

16 

0.0 

17 

0.0 

18 

0.0 

19 

0.0 

20 

0.0 

21 

0.0 

22 

0.0 

23 

0.0 

24 

0.0 

25 

0.0 

26 

0.0 

27 

0.0 

28 

0.0 

29 

0.0 

30 

0.0 

31 

0.0 

32 

0.0 

33 

0.0 

34 

0.0 

35 

0.0 

36 

0.0 

37 

0.0 

38 

0.0 

39 

0.0 

40 

0.0 

41 

0.0 

42 

0.0 

43 

0.0 

44 

0.0 

45 

0.0 

46 

0.0 

47 

0.0 

43 

0.0 

49 

0.0 

50 

0.0 

51 

0.0 

52 

0.0 

53 

0.0 

54 

0.0 

55 

0.0 

56 

0.0 

57 

0.0 

58 

0.0 

59 

0.0 

60 

0.0 

61 

0.0 

62 

0.0 

63 

0.0 

64 

0.0 

65 

0.0 

66 

0.0 

67 

0.0 

68 

0.0 

69 

0.500000 

ROW  NUMBER3 

7 

1 

0.085890 

2 

0.0 

3 

0.0 

4 

0.006135 

5 

0.0 

6 

0.0 

7 

0.0 

8 

0.006135 

9 

0.0 

10 

0.0 

1 1 

0.0 

12 

0.0 

13 

0.0 

14 

0.0 

15 

0.0 

16 

0.006135 

17 

0.0 

18 

0.0 

19 

0.0 

20 

0.006135 

21 

0.0 

22 

0.0 

23 

0.0 

24 

0.0 

25 

0.0 

26 

0.0 

27 

0.0 

28 

0.006135 

29 

0.0 

30 

0.0 

31 

0.0 

32 

0.0 

33 

0.0 

34 

0.0 

35 

0.0 

36 

0.0 

37 

0.0 

33 

0.0 

39 

0.0 

40 

0.0 

41 

0.0 

42 

0.0 

*  3 

0.0 

44 

0.0 

45 

0.0 

“46 

0.0 

47 

0.0 

43 

0.0 

49 

0.0 

50 

0.0 

51 

0.0 

52 

0.0 

53 

0.0 

54 

0.0 

55 

0.0 

56 

0.0 

57 

0.0 

58 

0.0 

59 

0.0 

60 

0.0 

o  1 

0.0 

62 

0.0 

63 

0.0 

64 

0.0 

65 

0.0 

66 

0.0 

67 

0.0 

68 

0.0 

69 

0.683436 

PCW  NUMBER3 

8 

1 

0.013825 

2 

0.0 

3 

0.004608 

4 

0.009217 

5 

0.009217 

-  b 

0.0 

7 

0.0 

e 

0.0 

9 

0.004608 

10 

0.009217 

"it 

0.009608 

12 

0.0 

13 

0.032258 

14 

0.004608 

15 

0.0 

16 

0.009217 

17 

0.004608 

18 

0.0 

19 

0.0 

20 

0.0 

21 

0,0 

22 

0.0 

23 

0.0 

24 

0.0 

25 

0.0 
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26 

0.0 

27 

0.0 

28 

0.0 

29 

0.0 

30 

0.0 

31 

0.0 

32 

0.0 

33 

0.0 

34 

0.0 

35 

0.004608 

36 

0.0 

37 

0.0 

38 

0.0 

39 

0.0 

40 

0.0 

41 

0.0 

42 

0.0 

43 

0.0 

44 

0.004603 

45 

0.0 

46 

0.0 

47 

0.0 

48 

0.0 

49 

0.0 

50 

0.0 

51 

0.0 

52 

0.0 

53 

0.0 

54 

0.0 

55 

0.0 

56 

0.0 

57 

0.0 

58 

0.0 

59 

0.004608 

60 

0.0 

61 

0.0 

62 

0.0 

63 

0.0 

64 

0.0 

65 

0.0 

66 

0.0 

67 

0.0 

68 

0.0 

69 

0.680184 

ROW  NUMBER1 

9 

t 

0.105286 

2 

0.0 

3 

0.0 

4 

0.0 

5 

0.0 

6 

0.0 

7 

0.0 

8 

0.0 

9 

0.0 

10 

0.003367 

1 1 

0.003367 

12 

0.0 

13 

0.013468 

14 

0.0 

15 

0.0 

16 

0.0 

17 

0.0 

18 

0.0 

19 

0.0 

20 

0.006734 

21 

0.0 

22 

0.0 

23 

0.0 

24 

0.0 

25 

0.0 

26 

0.003367 

27 

0.0 

28 

0.0 

29 

0.0 

30 

0.0 

31 

0.0 

32 

0.0 

33 

0.0 

34 

0.0 

35 

0.0 

36 

0.0 

37 

0.0 

38 

0.0 

39 

0.003367 

40 

0.0 

41 

0.0 

42 

0.0 

43 

0.0 

44 

0.0 

45 

0.0 

46 

0.0 

47 

0.0 

48 

0.0 

49 

0.0 

50 

0.0 

51 

0.0 

52 

0.003367 

53 

0.0 

54 

0.0 

55 

0.0 

56 

0.0 

57 

0.0 

53 

0.0 

59 

0.0 

60 

0.0 

61 

0.0 

62 

0.0 

63 

0.0 

64 

0.0 

65 

0.0 

66 

0.0 

67 

0.0 

68 

0.0 

69 

0.767677 

ROW  NUMBERS 

10 

1 

0.004637 

2 

0.005410 

3 

0.0 

4 

0.000773 

5 

0.0 

6 

0.0 

7 

0.0 

8 

0.002318 

9 

0.001546 

10 

0.0 

1 1 

0.0 

12 

0.013138 

13 

0.003091 

14 

0.001546 

15 

0.0 

16 

0.0 

1  7 

0.0 

18 

0.000773 

19 

0.0 

20 

0.001546 

21 

0.000773 

22 

0.0 

23 

0.002318 

24 

0.0 

25 

0.0 

26 

0.0 

27 

0.0 

28 

0.000773 

29 

0.0 

30 

0.0 

31 

0.0 

32 

0.0 

33 

0.000773 

34 

0.0 

35 

0.0 

36 

0.0 

37 

0.0 

38 

0.0 

39 

0.0 

40 

0.000773 

41 

0.0 

42 

0.000773 

43 

0.0 

44 

0.003091 

45 

0.0 

46 

0.002318 

47 

0.0 

48 

0.0 

49 

0.000773 

50 

0.0 

51 

0.0 

52 

0.0 

53 

0.0 

54 

0.0 

55 

0.0 

56 

0.0 

57 

0.0 

58 

0.0 

59 

0.0 

60 

0.0 

61 

0.000773 

62 

0.0 

63 

0.002318 

64 

0.0 

65 

0.000773 

66 

0.0 

67 

0.0 

68 

0.0 

69 

0.948995 

ROW  NUMBERS 

11 

1 

0.009390 

2 

0.004695 

3 

0.0 

4 

0.0 

5 

0.0 

6 

0.0 

7 

0.004695 

8 

0.004695 

9 

0.004695 

10 

0.0 

1 1 

0.0 

12 

0.004695 

13 

0.004695 

14 

0.0 

15 

0." 

16 

0.009390 

17 

0.0 

IS 

0.0 

19 

0.0 

20 

0.009390 

21 

0.0 

22 

0.0 

23 

0.0 

24 

0.0 

25 

0.0 

26 

0.0 

27 

0.0 

28 

0.0 

29 

0.0 

30 

0.0 

31 

0.0 

32 

0.0 

33 

0.0 

34 

0.0 

35 

0.0 

36 

0.0 

37 

0.004695 

33 

0.0 

39 

0.0 

40 

0.0 

41 

0.0 

42 

0.0 

43 

0.0 

44 

0.0 

45 

0.0 

46 

0.0 

47 

0.0 

48 

0.0 

49 

0.0 

50 

0.0 

51 

0.0 

52 

0.0 

53 

0.0 

54 

0.0 

55 

0.0 

56 

0.0 

57 

0.0 

58 

0.0 

59 

0.0 

60 

0.0 

61 

0.0 

62 

0.0 

63 

0.0 

64 

0.0 

65 

0.0 

66 

0.0 

67 

0.0 

66 

0.0 

69 

0.938967 
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ROW  NUMBER^  12 


1 

0.031250 

2 

0.250000 

3 

o 

o 

4 

0.0 

5 

0.0 

6 

0.0 

7 

0.0 

e 

0.0 

9 

0.0 

10 

0.187500 

1 1 

0.0 

12 

0.0 

13 

0.250000 

14 

0.0 

15 

0.0 

16 

0.031250 

17 

0.0 

IS 

0.0 

19 

0.0 

20 

0.0 

21 

0.0 

22 

0.0 

23 

0.0 

24 

0.0 

25 

0.0 

26 

0.0 

27 

0.0 

28 

0.031250 

29 

0.0 

30 

0.031250 

31 

0.0 

32 

0.0 

33 

0.0 

34 

0.0 

35 

0.0 

36 

0.031250 

37 

0.0 

33 

0.0 

39 

0.0 

40 

0.0 

41 

0.0 

42 

0.0 

43 

0.0 

44 

0.0 

45 

0.0 

46 

0.0 

47 

0.0 

48 

0.0 

49 

0.0 

50 

0.0 

51 

0.0 

52 

0.0 

53 

0.0 

54 

0.0 

55 

0.0 

56 

0.0 

57 

0.0 

58 

0.0 

59 

0.0 

60 

0.0 

61 

0.0 

62 

0.0 

63 

0.0 

64 

0.0 

65 

0.0 

66 

0.0 

67 

0.0 

68 

0.0 

69 

0.156250 

RON  NUMBER= 

13 

1 

0.080000 

2 

0.100000 

3 

0.010000 

4 

0.030000 

5 

0.010000 

6 

0.0 

7 

0.0 

8 

0.040000 

9 

0.020  00 

10 

0.020000 

1  1 

0.010000 

12 

0.020000 

13 

0.0 

14 

0.030000 

15 

0.0 

1 6 

0.030000 

17 

0.0 

18 

0.020000 

19 

0.010000 

20 

0.140000 

21 

0.140000 

22 

0.010000 

23 

0.0 

24 

0.0 

25 

0.0 

26 

0.020000 

27 

0.010000 

28 

0.0 

29 

0.0 

30 

0.010000 

31 

0.0 

32 

0.010000 

33 

0.020000 

34 

0.0 

35 

0.0 

36 

0.0 

37 

0.0 

33 

0.010000 

39 

0.0 

40 

0.0 

41 

0.0 

42 

0.0 

43 

0.0 

44 

0.0 

45 

0.0 

46 

0.0 

47 

0.0 

48 

0.0 

49 

0.0 

50 

0.0 

51 

0.010000 

52 

0.0 

53 

0.0 

54 

0.0 

55 

0.0 

56 

0.0 

57 

0.0 

53 

0.0 

59 

0.030000 

60 

0.0 

61 

0.010000 

62 

0.0 

63 

0.0 

64 

0.0 

65 

0.0 

66 

0.0 

67 

0.0 

68 

0.0 

69 

0.150000 

ROW  NUMBERS 

14 

1 

0.0 

2 

0.005495 

3 

0.0 

4 

0.0 

5 

0.0 

6 

0.0 

7 

0.0 

8 

0.0 

9 

0.0 

to 

0.0 

11 

0.0 

12 

0.0 

13 

0.0 

14 

0.0 

15 

0.0 

16 

0.0 

17 

0.0 

18 

0.0 

19 

0.0 

20 

0.0 

21 

0.0 

22 

0.0 

23 

0.005495 

24 

0.0 

25 

0.0 

26 

0.0 

27 

0.0 

28 

0.0 

29 

0.0 

30 

0.0 

31 

0.0 

32 

0.0 

33 

0.0 

34 

0.0 

35 

0.0 

36 

0.0 

37 

0.0 

33 

0.0 

39 

0.0 

40 

o.o 

41 

0.0 

42 

0.0 

43 

0.0 

44 

0.0 

45 

0.0 

46 

0.0 

47 

0.0 

48 

0.0 

49 

0.0 

50 

0.0 

51 

0.0 

52 

0.0 

53 

0.0 

54 

0.0 

55 

0.0 

56 

0.0 

57 

0.0 

58 

0.0 

59 

0.0 

60 

0.0 

61 

0.0 

62 

0.0 

63 

0.0 

64 

0.0 

65 

0.0 

66 

0.0 

67 

0.0 

68 

0.0 

69 

0.989011 

ROW  NUMBER: 

15 

1 

0.090909 

2 

0.090909 

3 

0.0 

4 

0.090909 

5 

0.090909 

—  6 

0.0 

7 

0.0 

8 

0,0 

9 

0.090909 

10 

0.090909 

1 1 

0.090909 

12 

0.0 

13 

0.090909 

14 

0.0 

15 

0.0 

16 

0.0 

1  7 

0.0 

18 

0.0 

19 

0.0 

20 

0.0 

21 

0.0 

22 

0.0 

23 

0.0 

24 

0.0 

25 

0.0 

26 

0.0 

27 

0.0 

28 

0.0 

29 

0.0 

30 

0.0 

31 

0.0 

32 

0.0 

33 

0.0 

34 

0.0 

35 

0.0 

,  36 

0.0 

37 

0.0 

38 

0.0 

39 

0.0 

40 

0.0 

41 

0.0 

42 

0.0 

43 

0.0 

44 

0.0 

**5 

0.0 

“I46 

0.0 

47 

0.090909 

48 

0.0 

49 

0.0 

50 

0.0 

*“51 

0.0 

52 

0.0 

53 

0.0 

54 

0.0 

55 

0.0 

56 

0.0 

57 

0.0 

53 

0.0 

59 

0.0 

60 

0.0 

61 

0.0 

62 

0.0 

t>3 

0.0 

64 

0.0 

65 

0.0 

66 

0.0 

67 

0.0 

68 

0.0 

69 

0.181818 
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ROW  NUMBER3 

1  0.080000 

16 

2  0.040000 

3  0.0 

4  0.0 

5  0.0 

6  0.0 

7  0.0 

8  0.020000 

9  0.0 

10  0.020000 

11  0.020000 

12  0.020000 

13  0.020000 

14  0.020000 

15  0.020000 

16  0.0 

17  0.0 

18  0.0 

19  0.0 

20  0.0 

21  0.0 

22  0.0 

23  0.0 

24  0.0 

25  0.0 

26  0.020000 

27  0.0 

28  0.0 

29  0.0 

30  0.0 

31  0.0 

32  0.0 

33  0.0 

34  0.0 

35  0.0 

36  0.0 

37  0.0 

38  0.0 

39  0.0 

40  0.0 

41  0.0 

42  0.0 

43  0.0 

44  0.0 

45  0.020000 

46  0.0 

47  0.0 

48  0.0 

49  0.0 

50  0.0 

51  0.0 

52  0.0 

53  0.0 

54  0.0 

55  0.0 

56  0.0 

57  0.0 

58  0.0 

59  0.0 

60  0.0 

61  0.0 

62  0.0 

63  0.0 

64  0.0 

65  0.0 

66  0.0 

67  0.0 

68  0.0 

69  0.700000 

RON  NUMBER3 

1  0.0 

17 

2  0.0 

3  0.0 

4  0.0 

5  0.0 

6  0.0 

7  0.0 

8  0.0 

9  0.0 

10  0.0 

11  0.0 

12  0.0 

13  0.0 

14  0.0 

15  0.0 

16  0.0 

17  0.0 

18  0.0 

19  0.0 

20  0.0 

21  0.0 

22  0.0 

23  0.0 

24  0.0 

25  0.0 

26  0.0 

27  0.0 

28  0.0 

29  0.0 

30  0.0 

31  0.0 

32  0.0 

33  0.0 

34  0.0 

35  0.0 

36  0.0 

37  0.0 

33  0.0 

39  0.0 

40  0.0 

41  0.0 

42  0.0 

43  0.0 

44  0.0 

45  0.0 

46  0.0 

47  0.0 

48  0.0 

49  0.0 

50  0.0 

51  0.0 

52  0.0 

53  0.0 

54  0.0 

55  0.0 

56  0.0 

57  0.0 

53  0.0 

59  0.500000 

60  0.0 

61  0.0 

62  0.0 

63  0.0 

64  0.0 

65  0.0 

66  0.0 

67  0.0 

68  0.0 

69  0.500000 

ROM  NUMBER3 
1  0.125000 

18 

2  0-062500 

3  0.0 

4  0.0 

5  0.0 

6  0.0 

7  0.0 

8  0.062500 

9  0.0 

10  0.0 

11  0.0 

12  0.0 

13  0.0 

14  0.0 

15  0.0 

16  0.0 

17  0.0 

18  0.0 

19  0.0 

20  0.0 

21  00 

22  0.0 

23  0.0 

24  0.0 

25  0.0 

26  0.0 

27  0.0 

28  0.062500 

29  0.0 

30  0.0 

31  0.0 

32  0.0 

33  0.0 

34  0.0 

35  0.0 

36  0.0 

37  0.0 

33  0.0 

39  0.0 

40  0.0 

41  0.0 

42  0.0 

43  0.0 

44  0.0 

45  0.0 

46  0.0 

47  0.0 

48  0.0 

49  0.0 

50  0.0 

51  0-0 

52  0.0 

53  0.0 

54  0.0 

55  0.0 

56  0.0 

57  0.0 

58  0.0 

59  0.062500 

60  0.0 

61  0.0 

62  0.062500 

63  0.0 

64  0.0 

65  0.0 

—  66  0.0 

67  0.0 

66  0.0 

69  0.562500 

ROM  NUMBER3 
1  0.0 

19 

2  0.0 

3  0.0 

4  0.0 

5  0.0 

6  0.0 

7  0.0 

8  0.0 

9  0.0 

to  0.0 

11  0.0 

12  0.0 

13  0.0 

14  0.0 

15  0.0 

16  0.0 

17  0.0 

16  0.0 

19  1.000000 

20  0.0 

21  0.0 

22  0.0 

23  0.0 

24  0.0 

25  0.0 

-26  0.0 

27  0.0 

28  0.0 

29  0.0 

30  0.0 

-3t  0.0 

32  0.0 

33  0.0 

34  0.0 

35  0.0 

36  0.0 

37  0.0 

38  0.0 

39  0.0 

40  0.0 

41  0.0 

42  0.0 

43  0.0 

44  0.0 

45  0.0 
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46 

0.0 

47 

0.0 

48 

0.0 

49 

0.0 

50 

0.0 

51 

0.0 

52 

0.0 

53 

0.0 

54 

0.0 

55 

0.0 

56 

0.0 

57 

0.0 

53 

0.0 

59 

0.0 

60 

0.0 

61 

0.0 

62 

0.0 

63 

0.0 

64 

0.0 

65 

0.0 

66 

0.0 

67 

0.0 

68 

0.0 

6910.000000 

ROW  NUMBER- 

20 

1 

0.007937 

u 

0.003968 

3 

0.0 

4 

0.001984 

5 

0.001934 

6 

0.0 

7 

0.001934 

8 

0.001984 

9 

0.001984 

10 

0.001984 

11 

0.001984 

12 

0.001 934 

13 

0.009921 

14 

0.0 

15 

0.001934 

16 

0.0 

17 

0.0 

18 

0.0 

19 

0.0 

20 

0.0 

21 

0.0 

22 

0.0 

23 

0.0 

24 

0.0 

25 

0.0 

26 

0.0 

27 

0.0 

28 

0.0 

29 

0.0 

30 

0.0 

11 

0.0 

32 

0.0 

33 

0.0 

34 

0.0 

35 

0.0 

36 

0.0 

37 

0.0 

38 

0.0 

39 

0.0 

40 

0.0 

41 

0.0 

42 

0.0 

43 

0.0 

44 

0.001984 

45 

0.0 

46 

0.0 

47 

0.0 

48 

0.0 

49 

0.0 

50 

0.0 

51 

0.0 

52 

0.0 

53 

0.0 

54 

0.0 

55 

0.0 

56 

0.0 

57 

0.0 

53 

0.0 

59 

0.0 

60 

0.009921 

61 

0.0 

62 

0.0 

63 

0.0 

64 

0.0 

65 

0.0 

66 

0.0 

67 

0.0 

68 

0.0 

69 

0.948413 

ROW  NUMBER3 

21 

1 

0.0 

2 

0.044118 

3 

0.0 

4 

0.0 

5 

0.0 

6 

0.0 

7 

0.0 

8 

0.0 

9 

0.014706 

10 

0.0 

1 1 

0.0 

12 

0.0 

13 

0.132353 

14 

0.0 

15 

0.0 

16 

0.0 

17 

0.0 

18 

0.0 

19 

0.0 

20 

0.0 

21 

0.0 

22 

0.088235 

23 

0.0 

24 

0.0 

25 

0.0 

26 

0.0 

27 

0.0 

28 

0.0 

29 

0.0 

30 

0.0 

31 

0.0 

32 

0.0 

33 

0.0 

34 

0.0 

35 

0.0 

36 

0.0 

37 

0.0 

38 

0.0 

39 

0.0 

40 

0.0 

41 

0.0 

42 

0.0 

43 

0.0 

44 

0.0 

45 

0.0 

46 

0.0 

47 

0.0 

48 

0.0 

49 

0.0 

50 

0.0 

51 

0.0 

52 

0.0 

53 

0.0 

54 

0.0 

55 

0.0 

56 

0.0 

57 

0.0 

58 

0.0 

59 

0.0 

60 

0.0 

61 

0.0 

62 

0.0 

63 

0.0 

64 

0.0 

65 

0.0 

66 

0.0 

67 

0.0 

68 

0.0 

69 

0.720588 

ROW  NUN3ER3 

22 

1 

0.0 

2 

0.555556 

3 

0.0 

4 

0.0 

5 

0.0 

6 

0.0 

7 

0.0 

8 

0.0 

9 

0.0 

10 

0.0 

11 

0.0 

12 

0.0 

13 

0.444444 

14 

0.0 

15 

0.0 

16 

0.0 

17 

0.0 

18 

0.0 

19 

0.0 

20 

0.0 

21 

0.0 

22 

0.0 

23 

0.0 

24 

0.0 

25 

0.0 

26 

0.0 

27 

0.0 

28 

0.0 

29 

0.0 

30 

0.0 

31 

0.0 

32 

0.0 

33 

0.0 

34 

0.0 

35 

0.0 

36 

0.0 

37 

0.0 

38 

0.0 

39 

0.0 

40 

0  0 

41 

0.0 

42 

0.0 

43 

0.0 

44 

0.0 

45 

0.0 

'46 

0.0 

47 

0.0 

48 

0.0 

49 

0.0 

50 

0.0 

51 

0.0 

52 

0.0 

53 

0.0 

54 

0.0 

55 

0.0 

56 

0.0 

57 

0.0 

S3 

0.0 

59 

0.0 

60 

0.0 

6  1 

0.0 

62 

0.0 

63 

0.0 

64 

0.0 

65 

0.0 

66 

0.0 

67 

0.0 

68 

0.0 

69 

0.0 

ROW  NUMBER3 

23 

1 

0.0 

2 

0.750000 

3 

0.0 

4 

0.0 

5 

0.0 

■  6 

0.0 

7 

0.0 

8 

0.0 

9 

0.0 

10 

0.0 

'll 

0.0 

12 

0.0 

13 

0.0 

14 

0.0 

15 

0.0 

16 

0.0 

17 

0.0 

13 

0.0 

19 

0.0 

20 

0.0 

21 

0.0 

22 

0.0 

2  3 

0.0 

24 

0.0 

25 

0.0 
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26 

0.0 

27 

0.0 

28' 

0.0 

29 

0.0 

30 

0.0 

31 

0.0 

32 

0.0 

33 

0.0 

34 

0.0 

35 

0.0 

36 

0.0 

37 

0.250000 

38 

0.0 

39 

0.0 

40 

0.0 

41 

0.0 

42 

0.0 

43 

0.0 

44 

0.0 

45 

0.0 

46 

0.0 

47 

0.0 

48 

0.0 

49 

0.0 

50 

0.0 

51 

0.0 

52 

0.0 

53 

0.0 

54 

0.0 

55 

0.0 

56 

0.0 

57 

0.0 

58 

0.0 

59 

0.0 

60 

0.0 

61 

0.0 

62 

0.0 

63 

0.0 

64 

0.0 

65 

0.0 

66 

0.0 

67 

0.0 

68 

0.0 

69 

0.0 

ROW  NUMBER2 

24 

1 

0.428571 

2 

0.0 

3 

0.0 

4 

0.0 

5 

0.0 

6 

0.0 

7 

0.0 

8 

0.0 

9 

0.0 

10 

0.0 

1  1 

0.0 

12 

0.0 

13 

0.0 

14 

0.0 

15 

0.0 

16 

0.142857 

17 

0.0 

18 

0.0 

19 

0.0 

20 

0.0 

Cl 

0.0 

22 

0.0 

23 

0.0 

24 

0.0 

25 

0.0 

C6 

0.0 

27 

0.0 

28 

0.0 

29 

0.0 

30 

0.0 

31 

0.0 

32 

0.0 

33 

0.0 

34 

0.0 

35 

0.0 

36 

0.0 

37 

0.0 

33 

0.0 

39 

0.0 

40 

0.142857 

41 

0.0 

42 

0.0 

43 

0.0 

44 

0.0 

45 

0.0 

m6 

0.0 

47 

0.0 

48 

0.0 

49 

0.0 

50 

0.0 

51 

0.0 

52 

0.0 

53 

0.0 

54 

0.0 

55 

0.0 

56 

0.0 

57 

0.0 

53 

0.0 

59 

0.0 

60 

0.0 

61 

0.0 

62 

0.0 

63 

0.0 

64 

0.0 

65 

0.0 

66 

0.0 

67 

0.0 

68 

0.0 

69 

0.285714 

ROW  NUMBER2 

25 

1 

0.400000 

2 

0.0 

3 

0.0 

4 

0.0 

5 

0.0 

6 

0.0 

7 

0.0 

6 

0.0 

9 

0.0 

10 

0.200000 

1 1 

0.0 

12 

0.0 

13 

0.0 

14 

0.0 

15 

0.0 

16 

0.0 

17 

0.0 

18 

0.200000 

19 

0.0 

20 

0.0 

2 1 

0.0 

4  4 

L.  l_ 

0.0 

23 

0.0 

24 

0.0 

25 

0.0 

26 

0.0 

27 

0.0 

28 

0.0 

29 

0.0 

30 

0.0 

31 

0.0 

32 

0.0 

33 

0.0 

34 

0.0 

35 

0.0 

36 

0.0 

37 

0,0 

33 

0.0 

39 

0.0 

40 

0.0 

41 

0.0 

42 

0.0 

43 

0.0 

44 

0.0 

45 

0.0 

46 

0.0 

47 

0.0 

43 

0.0 

49 

0.0 

50 

0.0 

51 

0.0 

52 

0.0 

53 

0.0 

54 

0.0 

55 

0.0 

56 

0.0 

57 

0.0 

53 

0.0 

59 

0.0 

60 

0.0 

ol 

0.0 

62 

0.0 

63 

0.0 

64 

0.0 

65 

0.0 

66 

0.0 

67 

0.0 

68 

0.0 

69 

0.200000 

ROW  NUMBER2 

26 

1 

0.100000 

2 

0.0 

3 

0.0 

4 

0.0 

5 

0.0 

6 

0.0 

7 

0.0 

8 

0.0 

9 

0.020000 

10 

0.0 

It 

0.0 

12 

0.0 

13 

0.020000 

14 

0.0 

15 

r  o 

16 

0.0 

17 

0.0 

18 

c.o 

19 

0.0 

20 

0.0 

21 

0.0 

22 

0.0 

23 

0.020000 

24 

0.0 

25 

0.0 

■26 

0.0 

27 

0.020000 

28 

0.020000 

29 

0.0 

30 

0.060000 

31 

0.0 

32 

0.040000 

33 

0.0 

34 

0.0 

35 

0.0 

36 

0.0 

37 

0.020000 

38 

0.0 

39 

0.0 

40 

0.0 

41 

0.0 

42 

0.0 

43 

0.0 

44 

0.040000 

45 

0.0 

46 

0.0 

47 

0.0 

48 

0.040000 

49 

0.0 

50 

0.0 

51 

0.020000 

52 

0.0 

53 

0.040000 

54 

0.020000 

55 

0.0 

56 

0.100000 

57 

0.0 

53 

0.020000 

59 

0.0 

60 

0.0 

61 

0.0 

62 

0.0 

63 

0.0 

64 

0.0 

65 

0.0 

;66 

0.040000 

67 

0.0 

68 

0.0 

69 

0.360000 

ROW  NUMBER2 

27 

1 

0.0 

2 

0.0 

3 

0.0 

4 

0.250000 

5 

o 

o 
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6 

0.0 

7 

0.0 

8 

0.0 

9 

0.0 

10 

0.0 

1  1 

0.0 

12 

0.0 

13 

0.0 

14 

0.0 

15 

0.250000 

16 

0.0 

17 

0.0 

18 

0.0 

19 

0.0 

20 

0.0 

2i 

0.0 

22 

0.0 

23 

0.0 

24 

0.0 

25 

0.0 

26 

0.0 

27 

0.0 

23 

0.0 

29 

0.0 

30 

0.0 

31 

0.0 

32 

0.0 

33 

0.0 

34 

0.0 

35 

0.0 

36 

0.0 

37 

0.0 

38 

0.0 

39 

0.0 

40 

0.0 

41 

0.0 

42 

0.0 

43 

0.0 

44 

0.0 

45 

0.0 

46 

0.0 

47 

0.0 

43 

0.0 

49 

0.0 

50 

0.0 

51 

0.0 

52 

0.0 

53 

0.0 

54 

0.0 

55 

0.0 

56 

0.0 

57 

0.0 

53 

0.0 

59 

0.0 

60 

0.0 

61 

0.0 

62 

0.0 

63 

0.0 

64 

0.0 

65 

0.0 

66 

0.0 

67 

0.0 

68 

0.0 

69 

0.500000 

ROW  NUMBERS 

28 

1 

0.307143 

2 

0.0 

3 

0.0 

4 

0.007143 

5 

0.0 

6 

0.0 

7 

0.014286 

8 

0.0 

9 

0.007143 

10 

0.0 

1  1 

0.0 

12 

0.0 

13 

0.007143 

14 

0.0 

15 

0.0 

16 

0.007143 

17 

0.0 

13 

0.0 

19 

0.0 

20 

0.007143 

21 

0.0 

22 

0.0 

23 

0.0 

24 

0.0 

25 

0.0 

26 

0.0 

27 

0.0 

28 

0.0 

29 

0.014286 

30 

0.0 

31 

0.0 

32 

0.0 

33 

0.0 

34 

0.0 

35 

0.0 

36 

0.0 

37 

0.0 

38 

0.0 

39 

0.0 

40 

0.0 

41 

0.0 

42 

0.0 

43 

0.0 

44 

0.0 

45 

0.0 

46 

0.0 

47 

0.0 

48 

0.0 

49 

0.0 

50 

0.0 

51 

0.0 

52 

0.0 

53 

0.0 

54 

0.0 

55 

0.0 

56 

0.0 

57 

0.0 

53 

0.0 

59 

0.0 

60 

0.0 

61 

0.0 

62 

0.0 

63 

0.0 

64 

0.0 

65 

0.0 

66 

0.0 

67 

0.0 

68 

0.0 

69 

0.628571 

ROW  NUMBER* 
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ROW  NUMBER: 

59 

1  0.0 

2 
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5 

0.0 

6  0.0 
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12 
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17 

0.0 

13 
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19 
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20 
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22 
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23 

0.0 

24 
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27 
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40 
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45 
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47 
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48 
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49 
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50 

0.0 
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52 
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53 
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54 

0.0 

55 

0.0 
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57 
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58 

0.0 

59 
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60 
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68 
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69 
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ROW  NUMBER: 
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5 

0.0 
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61  0.0 
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APPENDIX  D 


Distances  Between  Sidewinder  Locations 


151 


N WC  TP  6305 


ROCKET  LLVAi  IONS 


1 

U5A 

YORKTOWN  VA 

z 

P5N 

SUBIC  BAY  PR 

3 

ISRAC 

ISPAEl 

4 

U5D 

FALLBPOOK  CA 

5 

KITT 

KIITY  HAWK  CV-63 

6 

GUAM 

AGANA  GUAM 

7 

IMDE 

INDEPENDENCE  CV-62 

8 

CCRA 

CORAL  SEA  CV-9I 

9 

JFK 

JFK  CV-67 

1  Q 

MIDM 

MIDWAY  CV-91 

1  1 

CONS 

CONSTELLATION  CV-64 

12 

SUBIC 

SUBIC  BAY  NAVMAG 

1  3 

cc;:c 

CONCORD  CA 

1  4 

YUMA 

YUIIA  A Z 

15 

SEAL 

SEAL  BEACH  CA 

16 

MIPA 

MIRAMAR  CA 

17 

DALL 

DALLAS  TX 

13 

RAMS 

RAMCER  CV-61 

1  9 

KANE 

KANEOHE  HI 

co 

ENTE 

ENTERPRISE  CVN-65 

Cl 

ORIS 

ORISKANf  CV-S<i 

tz 

SMAS 

SHASTA  AE-I3 

C3 

ATSUG 

ATSUGI  JA 

C4 

SBAR 

SANTA  BARBARA  AE-28 

C5 

SURI 

SURI BACH I  AE-21 

Ct> 

CCEA 

OCEANA  VA 

C  7 

ELT 

EL  TORO  CA 

C3 

SARA 

SARATOGA  CV-60 

29 

BUTT 

BUTTE  AE-27 

30 

NIMI 

NIItITZ  CVN-68 

31 

FORR 

FORRESTAL  CV-59 

3C 

ROOS 

ROOSEVELT  ROAOS  PR 

33 

NAHA 

MAMA  OKINAWA 

34 

MDE 

KADEN4 

35 

FUN 

FLINT  AE-32 

36 

HULL 

U5S  HULL 

37 

NMC 

PT.  MUGU  CA 

33 
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SICONELLA  ITALY 

39 

BAKE 
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•♦0 
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41 
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‘♦2 
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NORFOLK  VA 

*3 

SINGP 

SINGAPORE 
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45 
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h6 

DANG 
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47 

DET 

DETROIT  AOE-4 

43 

VF- 1 7 

VF-17 

49 

NITR 

NITRO  AE-23 

50 

NELL 

NELLIS  AFB  MV 

51 
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VF  -93 

52 

ROTA 

ROTA  SPAIN 

53 

VF-10 
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54 

VF- 1 1 

VF-H 

55 

CHER 

CHERRY  PT.  NC 

56 

El  SEN 

EISENHOWER  CVN-69 

57 

KEY 

KEY  WEST  FI 

53 

CANI 

CANIGTEO  AO-99 

59 

Il!AK 

IUAKUNI  JA 

60 

CAMD 

CAMDEN  AOE-2 

61 

HALE 

HALEKALA  AE-25 

62 

GA1 

H  C  M  15  MAG 

63 

KISK 

KISKA  AE-35 

64 

D59 

HANCOCK  CV-19 

65 

NrG 

NAM  PHONG 

66 

CVSG- 

CVSG 

67 

GF1 

HCM  11  MAG 

60 

FSPPA 

FORCE  SERVICE  REG  3 

69 

CAPTIVE  FLIGHT 
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ROCKET  LOCATION^  1 


FROM 

TO 

MILES 

2 

YORKTOUN  VA 

SUBIC  BAY  PR 

9086 

3 

YORK TOWN  VA 

ISRAEL 

5595 

4 

YORKTOUN  VA 

FALLBROOK  CA 

26  94 

6 

YORK  TOWN  VA 

AG ANA  GUAM 

8338 

7 

YORK TOWN  VA 

INDEPENDENCE  CV-62 

9 

YORKTOUN  VA 

JFK  CV-67 

10 

YORKTOUN  VA 

MIDWAY  CV-41 

1  1 

YORKTOUN  VA 

CONSTELLATION  CV-64 

2903 

13 

YORKTOUN  VA 

CONCORD  CA 

14 

YORKTOUN  VA 

YUMA  A Z 

m 

15 

YORKTOUN  VA 

SEAL  BEACH  CA 

16 

YORKTOUN  VA 

MIRAMAR  CA 

2734 

18 

YORKTOUN  VA 

RANGER  CV-61 

19 

YORKTOUN  VA 

KANEOHE  HI 

5016 

20 

YORKTOUN  VA 

ENTERPRISE  CVN-65 

:4 

YORKTOUN  VA 

SANTA  BARBARA  AE-28 

25 

YORKTOUN  VA 

SURIBACHI  AE-21 

26 

YORKTOUN  VA 

OCEANA  VA 

49 

28 

YORKTOUN  VA 

SARATOGA  CV-60 

29 

YORKTOUN  VA 

BUTTE  AE-27 

30 

YORKTOUN  VA 

NIHITZ  CVN-68 

31 

YORK  T OUN  VA 

FORRESTAL  CV-59 

1409 

32 

YORKTOUN  VA 

ROOSEVELT  ROADS  PR 

33 

YORKTOUN  VA 

NAHA  OKINAWA 

8222 

33 

YORKTOUN  VA 

SIGONELLA  ITALY 

4593 

39 

YORKTOUN  VA 

MT.  BAKER  AE-34 

40 

YORKTOUN  VA 

BEAUFORT  SC 

497 

41 

YCPKTCUN  VA 

WABASH  AOR-5 

43 

YORKTOUN  VA 

SINGAPORE 

10,509 

44 

YORKTOUN  VA 

AMERICA  SV-66 

47 

YORKTOUN  VA 

DETROIT  AOE-4 

49 

YORKTOUN  VA 

NITRO  AE-23 

224 

55 

YORKTOUN  VA 

CHERRY  PT.  NC 

57 

YOPKTOUN  VA 

KEY  WEST  FL 

59 

YORKTOUN  VA 

IWAKUNI  JA 

1065 

69 

YORKTOUN  VA 

CAPTIVE  FLIGHT 

7959 

ROCKET 

UK. 

io  n- 

2 

FROM 

TO 

MILES 

2 

1 

SU3IC 

BAY 

PR 

YORKTOUN  VA 

9086 

2 

3 

SUBIC 

DAY 

PR 

ISRAEL 

6461 

2 

4 

SU6IC 

BAY 

PR 

FALLBROOK  CA 

7089 

2 

5 

SUBIC 

BAY 

PR 

KITTY  HAWK  CV-63 

2 

8 

SUBIC 

BAY 

PR 

CORAL  SEA  CV-43 

2 

10 

SUBIC 

BAY 

PR 

MIDWAY  CV-4! 

2 

12 

SU3IC 

BAY 

PR 

SUBIC  BAY  NAVMAG 

2 

13 

SUBIC 

BAY 

PR 

CONCORD  CA 

6183 

2 

15 

SUBIC 

BAY 

PR 

SEAL  BEACH  CA 

2 

16 

SIJDIC 

BAY 

PR 

MIRAMAR  CA 

7068 

2 

18 

SUDIC 

BAY 

FR 

RANGER  CV-61 

2 

21 

SUBIC 

BAY 

PR 

OR I SK ANT  CV-34 

2 

22 

SUDIC 

BAY 

PR 

SHASTA  AE-33 

2 

26 

SUBIC 

BAY 

PR 

OCEANA  VA 

9135 

2 

27 

SUBIC 

BAY 

PR 

EL  TORO  CA 

7199 

30 

SUBIC 

BAY 

PR 

NIHITZ  CVM-66 

‘2 

32 

SUBIC 

BAY 

PR 

ROOSEVELT  ROADS  PR 

10,746 

2 

33 

SUBIC 

BAY 

PR 

NAHA  OKINAWA 

915 

2 

34 

SUBIC 

BAY 

PR 

KADENA 

928 

2 

35 

SUBIC 

BAY 

PR 

FLINT  AE-32 

2 

44 

SUBIC 

BAY 

PR 

AMERICA  CV-66 

2 

59 

SUDIC 

BAY 

PR 

IWAKUNI  JA 

1538 

2 

69 

SUDIC 

BAY 

PR 

CAPTIVE  FLIGHT 
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SOCKET  LOCATION:  I 


FROM 

3 

1 

ISRAEL 

3 

6 

ISRAEL 

3 

16 

ISRAEL 

3 

69 

ISRAEL 

ROCKET  LU 

■  m  1  ION=  8 

FROM 

4 

1 

FALLEPOOK  CA 

4 

2 

FALLEROOK  CA 

4 

3 

FALLBROOK  CA 

4 

5 

FAU  BROOK  CA 

4 

7 

FALLBROOK  CA 

4 

8 

FALLEPOOK  CA 

4 

9 

FALLEPOOK  CA 

4 

10 

FALLBROOK  CA 

4 

1 1 

FALtEROOK  CA 

4 

1  5 

FALLEPOOK  CA 

4 

15 

FALLEPOOK  CA 

4 

16 

FALLEPOOK  CA 

4 

19 

FALLBROOK  CA 

4 

20 

FALLEPOOK  CA 

4 

21 

rALLEPOOK  CA 

4 

27 

FALLBROOK  CA 

4 

37 

FALLEPOOK  CA 

4 

33 

FALLBROOK  CA 

4 

44 

FALLBROOK  CA 

4 

59 

FALLBROOK  CA 

4 

65 

FALLBROOK  CA 

4 

68 

FALtEROOK  CA 

4 

69 

FAUERCOK  CA 

ROCKET 

LOLA  1 ION=  5 

F  POM 

5 

1 

Kirrr  hawk  cv-63 

5 

2 

KITTY  HAWK  CV-63 

5 

10 

KITTY  HAWK  CV-63 

5 

13 

KITTY  HAWK  CV-63 

5 

17 

KITTY  HAWK  CV-63 

5 

18 

KITTY  HAWK  CV-63 

5 

20 

KITTY  HAWK  cv-63 

5 

30 

KITTY  HAWK  CV-63 

5 

3t 

KITTY  HAWK  CV-63 

5 

38 

KITTY  HAWK  CV-63 

5 

69 

KITTY  HAWK  CV-63 

ROCKET  Llk.,T1CN=  6 


fROtl 


7 

AGANA  GUAM 

69 

AGANA  GUAM 

LUl  a 

1  ION:  7 

FROM 

1 

independence 

CV-62 

4 

independence 

CV-62 

6 

independence 

CV-62 

16 

independence 

CV-62 

20 

independence 

CV-62 

28 

independence 

CV-62 

69 

INDEPENDENCE 

CV-62 

TO 

MILES 

YORKTOWH  VA 

$595 

CORAL  SEA  CV-43 

MIRAMAR  CA 

8085 

CAPTIVE  FLIGHT 

TO 

MILES 

TORKTOWN  VA 

2694 

SUBIC  BAY  PR 

ISRAEL 

KITTY  HAWK  CV-63 
INDEPENDENCE  CV-62 
CORAL  SEA  CV-43 

JFK  CV-67 

MIDWAY  CV-41 
CONSTELLATION  CV-64 

7249 

CONCORD  CA 

506 

SEAL  BEACH  CA 

77 

MIRAMAR  CA 

44 

KANEOHE  HI 

ENTERPRISE  CVN-65 
ORISKANY  CV-S4 

2300 

EL  TOPO  CA 

59 

PT.  MUGU  CA 

165 

SIGONELLA  ITALY 

AMERICA  CV-66 

7287 

IWAKUHI  JA 

6199 

NAM  PHONG 

FORCE  SERVICE  REG  3 
CAPTIVE  FLIGHT 

8148 

TO 

YORKTOWH  VA 
SUBIC  BAT  PR 
MIDWAY  CV-41 
CONCORD  CA 
DALLAS  TX 
RANGER  CV-61 
ENTERPRISE  CVN-65 
NIMITZ  CVN-68 
EORRESTAL  CV-59 
SIGONELLA  ITALY 
CAPTIVE  FLIGHT 


TO 

INDEPENDENCE  CV-62 
CAPTIVE  FLIGHT 


TO 

YORKTOWH  VA 
FALLBROOK  CA 
CORAL  SEA  CV-43 
MIRAMAR  CA 
ENTERPRISE  CVN-65 
SARATOGA  CV-60 
CAPTIVE  FLIGHT 
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ROCKET 

LGcm 

11011=  a 

FROM 

TO 

6 

1 

CORAL  SEA  CV-43 

YORK TOWN  VA 

8 

3 

CORAL  SEA  CV-43 

ISRAEL 

8 

4 

CCRAL  SEA  CV-43 

FALLBROOK  CA 

8 

5 

CORAL  SEA  CV-43 

KITTY  HAWK  CV-63 

8 

9 

CORAL  SEA  CV-43 

JFK  CV-67 

a 

1  0 

CORAL  SEA  CV-43 

MIDWAY  CV-41 

3 

1 1 

CORAL  SEA  CV-43 

CONSTELLATION  CV-64 

8 

13 

CORAL  SEA  CV-43 

CONCORD  CA 

8 

14 

CORAL  SEA  CV-43 

YUMA  A 2 

8 

16 

CORAL  SEA  CV-43 

MIRAMAR  CA 

a 

17 

CORAL  SEA  CV-43 

DALLAS  TX 

8 

35 

CORAL  SEA  CV-43 

FLINT  AE-32 

8 

44 

CORAL  SEA  CV-43 

AMERICA  CV-66 

8 

59 

CORAL  SEA  CV-43 

IWAKUNI  JA 

a 

69 

CORAL  SEA  CV-43 

CAPTIVE  FLIGHT 

ROCKET 

LOLA 

11011=  9 

EPOM 

TO 

9 

1 

JFK  CV-67 

YORKTOWI!  VA 

9 

10 

JFK  CV-67 

MIDWAY  CV-41 

9 

11 

JFK  CV-67 

CONSTELLATION  CV-64 

9 

13 

JFK  CV-67 

CONCORD  CA 

9 

20 

J1K  CV-67 

ENTERPRISE  CVN-6S 

9 

26 

JFK  CV-67 

OCEANA  VA 

9 

39 

JFK  CV-67 

MT.  BAKER  AE-34 

9 

52 

jrK  CV-67 

ROTA  SPAIN 

9 

69 

JfK  CV-67 

CAPTIVE  FLIGHT 

ROCKET 

L(JLMION=10 

FROM 

TO 

10 

1 

MIDWAY  CV-41 

YORKTOWN  VA 

10 

2 

MIDWAY  CV-41 

SUBIC  BAY  PR 

10 

4 

MIDWAY  CV-41 

FALLBROOK  CA 

10 

8 

MIDWAY  CV-41 

CORAL  SEA  CV-43 

10 

9 

MIDWAY  CV-41 

JFK  CV-67 

to 

12 

MIDWAY  CV-41 

SUDIC  BAY  NAVMAG 

10 

13 

MIDWAY  CV-41 

CONCORD  CA 

to 

14 

MIDWAY  CV-41 

YUMA  AZ 

10 

18 

MIDWAY  CV-41 

RANGER  CV-61 

10 

20 

MIDWAY  CV-41 

ENTERPRISE  CVN-65 

10 

21 

MIDWAY  CV-41 

ORISKANY  CV-34 

10 

23 

MIDWAY  CV-41 

ATSUGI  JA 

10 

23 

MIDWAY  CV-41 

SARATOGA  CV-60 

10 

33 

MIDWAY  CV-41 

NAHA  OKINAWA 

10 

40 

MIDWAY  CV-41 

BEAUFORT  SC 

10 

42 

M10WAY  CV-41 

NORFOLK  VA 

10 

44 

MIDWAY  CV-41 

AMERICA  CV-66 

to 

46 

MIDWAY  CV-41 

DA  NANG  VIETNAM 

10 

49 

MIDWAY  CV-41 

NITRO  AE-23 

10 

61 

MIDWAY  CV-41 

HALEKALA  AE-25 

10 

63 

MIDWAY  CV-41 

KISKA  AE-35 

10 

65 

MIDWAY  CV-41 

HAM  FH01IG 

10 

69 

MIDWAY  CV-41 

CAPTIVE  FLIGHT 

ROCKET 

IOLAI IOM=1 1 

FROM 

TO 

1  f 

i 

CONSTELLATION  CV-64 

YORKTOWN  VA 

1 1 

z 

CONSTELLATION  CV-64 

SUDIC  BAY  PR 

11 

7 

CONSTELLATION  CV-64 

INDEPENDENCE  CV-62 

1  1 

a 

CONS! ELLATIOM  CV-64 

CORAL  SFA  CV-43 

11 

9 

CONSTELLATION  CV-64 

JFK  CV-67 

11 

12 

CONSTELLATION  CV-64 

SUBIC  BAY  NAVMAG 

1  1 

13 

CONSIELIATION  CV-64 

CONCORD  CA 

11 

16 

CONSTELLATION  CV-64 

MIRAMAR  CA 

1  1 

20 

CONSTELLATION  CV-64 

ENTERPRISE  CVN-65 

1  1 

37 

CONSTELLATION  CV-64 

PT.  MUGU  CA 

1  1 

69 

CONSTELLATION  CV-64 

CAPTIVE  FLIGHT 
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n 

l 

j 
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-* 

ROCKET 

LCL 

m l ION- 1 2 

FROM 

TO 

12 

1 

SU31C  BAT  NAVMAG 

YORK TOWN  VA 

12 

2 

SUBIC  BAY  NAVMAG 

SUBIC  BAY  PR 

12 

10 

CUBIC  BAY  NAVMAG 

MIDWAY  CV-41 

12 

1  3 

SUBIC  BAY  NAVMAG 

CONCORD  CA 

12 

16 

SUBIC  BAT  NAVMAG 

MIRAMAR  CA 

12 

28 

SUBIC  BAY  NAVMAG 

SARATOGA  CV-60 

12 

30 

SUBIC  BAY  NAVMAG 

NIMITZ  CVN-68 

i 

12 

36 

SUBIC  BAY  NAVMAG 

USS  HULL 

l 

12 

69 

SUBIC  BAT  NAVMAG 

CAPTIVE  FLIGHT 

ROCKET 

LOLA (ION: 13 

FROM 

TO 

MILES 

1  3 

1 

CONCORD  CA 

YORKTOWN  VA 

290? 

1  3 

2 

CONCORD  CA 

SUBIC  BAY  PR 

6343 

1  3 

3 

CONCORD  CA 

ISRAEL 

8253 

13 

4 

CONCORD  CA 

FALLBROOK  CA 

506 

1  3 

5 

CONCORD  CA 

KITTY  HANK  CV-63 

13 

8 

CCNCORD  CA 

CORAL  SEA  CV-43 

13 

9 

CONCORD  CA 

JFK  CV-67 

13 

10 

CONCORD  CA 

MIDWAY  CV-41 

13 

1  1 

CONCGRO  CA 

CONSTELLATION  CV-64 

13 

12 

CONCORD  CA 

SUBIC  BAY  NAVMAG 

6343 

13 

14 

CONCORD  CA 

YUMA  AZ 

654 

13 

16 

CONCORD  CA 

MIRAMAR  CA 

502 

13 

18 

CONCORD  CA 

RANGER  CV-61 

i  i  J 

19 

CONCORD  CA 

KANEOHE  HI 

2133 

,  1 3 

20 

CONCORD  CA 

ENTERPRISE  CVN-65 

13 

21 

CONCORD  CA 

OPISKAMY  CV-34 

13 

22 

CONCORD  CA 

SHASTA  AE-33 

13 

26 

CONCORD  CA 

OCEANA  VA 

2952 

13 

27 

CONCORD  CA 

EL  TORO  CA 

436 

13 

30 

CONCORD  CA 

NIMITZ  CVN-68 

'  3 

32 

CCNCORD  CA 

ROOSEVELT  ROADS  PR 

4403 

l  3 

33 

CONCORD  CA 

NAHA  OKINAWA 

5319 

1  3 

38 

CONCORD  CA 

5IGONELLA  ITALY 

7246 

13 

51 

CONCORD  CA 

VF-43 

1  3 

59 

CONCOPO  CA 

IWAKUNI  JA 

5056 

13 

61 

CONCORD  CA 

HALEKALA  AE-25 

1  3 

69 

CONCORO  CA 

CAPTIVE  FLIGHT 

ROCKET 

LOcaI ION- 14 

FROM 

TO 

MILES 

14 

2 

YUMA  AZ 

SUBIC  BAY  PR 

7390 

14 

23 

YUMA  AZ 

ATSUGI  JA 

9078 

14 

69 

YUMA  AZ 

CAPTIVE  FLIGHT 

POCKET 

to-*.. 

aiON=15 

I 

FROM 

TO 

MILES  1 

15 

1 

SEAL  BEACH  CA 

YORKTOWN  VA 

2700  i 

15 

2 

SEAL  BEACH  CA 

SUBIC  BAY  PR 

7017  1 

15 

*♦ 

SEAL  BEACH  CA 

FALLBROOK  CA 

77  ! 

15 

5 

SEAL  BEACH  CA 

KITTY  HAWK  CV-63 

15 

9 

SEAL  BEACH  CA 

JFK  CV-67 

15 

10 

SEAL  BEACH  CA 

niOUAY  CV-41 

15 

11 

SEAL  BEACH  CA 

CONSTELLATION  CV-64 

15 

13 

SEAL  BEACH  CA 

CONCOPO  CA 

418 

15 

47 

SEAL  BEACH  CA 

OETROIT  AOE-4 

15 

69 

SfAL  BEACH  CA 

CAPTIVE  FLIGHT 

( 

L 

f 

1 

i 

i 

1 

156 
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ROCKET 

10 

aiON=(6 

FROM 

TO 

16 

1 

MIRAMAR  CA 

YORKTOWN  V* 

16 

z 

MIRAMAR  CA 

SUBIC  BAY  PR 

16 

8 

MIRAMAR  CA 

CORAL  SEA  CV-43 

t6 

to 

MIRAMAR  CA 

MIDWAY  CV-41 

16 

1 1 

MIRAMAR  CA 

CONSTELLATION  CV-64 

16 

12 

MIRAMAR  CA 

SUBIC  BAY  NAVMAG 

16 

13 

MIRAMAR  CA 

CONCORD  CA 

16 

14 

MIRAMAR  CA 

YUMA  AZ 

16 

15 

MIRAMAR  CA 

SEAL  BEACH  CA 

16 

26 

MIRAMAR  CA 

OCEANA  VA 

16 

45 

MIRAMAR  CA 

F.  0.  ROOSEVELT  CV-4 

16 

69 

MIRAMAR  CA 

CAPTIVE  FLIGHT 

ROCKET 

LCl; 

*  f!OM=l7 

FROM 

TO 

17 

59 

DALLAS  TX 

IWAKUNI 

JA 

17 

69 

DALLAS  TX 

CAPTIVE 

FLIGHT 

ROCKET 

LOl_A 

1  ION= 1 8 

FROM 

TO 

18 

1 

RANGER 

CV-61 

YORKTOWN  VA 

18 

Z 

RANGER 

CV-61 

SUBIC  BAY  PR 

18 

a 

RANGER 

CV-61 

CORAL  SEA  CV-43 

18 

28 

RANGER 

CV-61 

SARATOGA  CV-60 

18 

59 

RANGER 

CV-61 

IWAKUNI  JA 

18 

62 

RANGER 

CV-61 

H  C  M  15  MAG 

18 

69 

RANGER 

CV-61 

CAPTIVE  FLIGHT 

ROCKET 

LOLA 

11011= 19 

FPOM 

TO 

19 

69 

KANEOHE  HI 

CAPTIVE  FLIGHT 

ROCKET 

LOLA  1 ION=20 

FROM 

TO 

ZO 

i 

ENTERPRISE 

CVN-65 

YORKTOWN  VA 

20 

2 

ENTERPRISE 

CVN-65 

SUBIC  BAY  PR 

20 

4 

ENTERPRISE 

CVN-65 

FALLBROOK  CA 

20 

5 

ENTERPRISE 

CVN-65 

KITTY  HAWK  CV-63 

20 

7 

ENTERPRISE 

CVN-65 

INDEPENDENCE  CV-62 

20 

8 

E1I1  ERPRISE 

CVN-65 

CORAL  SEA  CV-43 

20 

9 

ENTERPRISE 

CVN-65 

JFK  CV-67 

20 

10 

ENTERPRISE 

CVN-65 

MIDWAY  CV-41 

20 

11 

ENTERPRISE 

CVN-65 

CONSTELLATION  CV-64 

20 

12 

ENTERPRISE 

CVN-65 

SUBIC  BAY  NAVMAG 

20 

1  3 

ENTERPRISE 

CVN-65 

CONCORD  CA 

20 

15 

ENTERPRISE 

CVN-65 

SEAL  BEACH  CA 

20 

44 

ENTERPRISE 

CVN-65 

AMERICA  CV-66 

20 

60 

ENTERPRISE 

CVN-65 

CAMDEN  AOE-2 

20 

69 

ENTERPRISE 

CVN-65 

CAPTIVE  FLIGHT 

ROCKET  LOLATIOH=2l 


FROM 

TO 

21 

2 

□RISK  AMY 

CV-34 

SUBIC  BAY  PR 

21 

9 

ORISKANY 

CV-34 

JFK  CV-67 

21 

13 

ORISKANY 

CV-34 

CONCORD  CA 

21 

22 

ORISKANY 

CV-34 

SHASTA  AE-33 

21 

69 

ORISKANY 

CV-34 

CAPTIVE  FLIGHT 

MILES 

7500 
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ROCKET  LtX,UION=22 

FROM  TO 
22  2  SHASTA  AE-33  SUBIC  BAV  PR 
22  13  SHASTA  At- 33  CONCORO  CA 


ROCKET  LOlAIION=23 

FROM  TO 

23  2  A1SUGI  JA  SUBIC  BAT  PR 

23  37  ATSUGI  JA  PT.  HUGU  CA 


MILES 

5508 


ROCKET  LOLA  I ION=24 

FROM  TO 

24  I  SANTA  BARBARA  AE-28  YORK  TOWN  VA 

24  16  SANTA  BARBARA  AE-28  MIRAMAR  CA 

24  40  SANTA  BARBARA  AE-28  BEAUFORT  SC 

24  69  SANTA  BARBARA  AE-28  CAPTIVE  FLIGHT 


ROCKET  LOCATION=25 


FROM 

TO 

25 

1 

SURIBACHI 

AE-21 

YORK  TOWN  VA 

C5 

10 

SURIBACHI 

AE-21 

MIDWAY  CV-41 

25 

IQ 

SURIBACHI 

AE-21 

RANGER  CV-61 

25 

69 

SURIBACHI 

AE-21 

CAPTIVE  FLIGHT 

ROCKET  LOL«tION=26  MILES 


26 

i 

FROM 

OCEANA  VA 

TO 

YORKTOWN  VA 

49 

26 

9 

OCEANA  VA 

JFK  CV-67 

2952 

26 

13 

OCEANA  VA 

CONCORO  CA 

26 

23 

OCEAN/1  VA 

ATSUGI  JA 

7498 

26 

27 

OCEANA  VA 

EL  TORO  CA 

2796 

26 

28 

OCEANA  VA 

SARATOGA  CV-60 

2  6 

30 

OCEANA  VA 

NIMITZ  CVN-68 

1354 

26 

32 

OCEANA  VA 

ROOSEVELT  ROADS  PR 

't 

37 

OCEANA  VA 

PT.  MUGU  CA 

2816 

26 

44 

OCCANA  VA 

ANERICA  CV-66 

26 

48 

OCEANA  VA 

VF-17 

26 

51 

OCEANA  VA 

VF-43 

26 

53 

OCEANA  VA 

VF-10 

26 

5>« 

OCEANA  VA 

VF-tl 

26 

56 

OCEANA  VA 

EISENHOWER  CVN-69 

26 

58 

OCEANA  VA 

CANISTEO  AO-99 

26 

66 

OCEANA  VA 

CVSG 

26 

69 

OCEANA  VA 

CAPTIVE  FLIGHT 

POCKET 

LOLA 

1  ION=27 

FROM 

TO 

MILES 

27 

4 

EL  TORO 

CA 

FALLBROOK  CA 

59 

27 

15 

EL  TORO 

CA 

SEAL  BEACH  CA 

30 

27 

69 

EL  TOPO 

CA 

CAPTIVE  FLIGHT 

POCKET 

LOcA 

IION=28 

FROM 

TO 

2Q 

1 

SARATOGA 

CV-60 

YOPKTOWN  VA 

29 

4 

SARATOGA 

CV-60 

FALLBROOK  CA 

2d 

7 

SARATOGA 

CV-60 

INDEPENDENCE  CV-62 

28 

9 

SARATOGA 

CV-60 

JFK  CV-67 

28 

13 

SARATOGA 

CV-60 

CONCORD  CA 

23 

16 

SARATOGA 

CV-60 

MIRAMAR  CA 

28 

20 

SARATOGA 

CV-60 

ENTERPRISE  CVN-65 

28 

29 

SARATOGA 

CV-60 

BUTTE  AE-27 

28 

69 

SARATOGA 

CV-60 

CAPTIVE  FLIGHT 
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POCKET  L0lATI0N=29 
FROM 


29 

1 

BUTTE 

AE-27 

29 

20 

BUTTE 

AE-27 

29 

30 

BUTTE 

AE-27 

29 

41 

BUTTE 

AE-27 

29 

69 

BUTTE 

AE-27 

TO 

YORK  TOWN  VA 
ENTERPRISE  CVN-65 
NiniTZ  CVN-68 
WABASH  AOR-5 
CAPTIVE  FLIGHT 


ROCKET  LOCAT ION=  30 


FROM 

TO 

30 

1 

MIMITZ  CVN-68 

YORK  TOWN  VA 

30 

26 

NIMITZ  CVN-68 

OCEANA  VA 

30 

44 

NINITZ  CVN-68 

AMERICA  CV-&6 

30 

69 

NiniTZ  CVN-68 

CAPTIVE  FLIGHT 

ROCKET 

LOc.AlION=3l 

FROM 

TO 

31 

26 

FOPRESTAL 

CV-59 

OCEANA  VA 

31 

69 

FORRESTAL 

CV-59 

CAPTIVE  FLIGHT 

ROCKET 

32 

LOCm 

I10N=32 

FROM 

ROOSEVELT 

ROADS 

PR 

TO 

YORKTOWN  VA 

MILES 

1409 

32 

22 

ROOSEVELT 

ROADS 

PR 

SHASTA  AE-33 

32 

26 

ROOSEVELT 

ROADS 

PR 

OCEANA  VA 

1354 

32 

69 

ROOSEVELT 

ROADS 

PR 

CAPTIVE  FLIGHT 

ROCKET 

LOLA 

TION=33 

FROM 

TO 

MILES 

33 

1 

NAHA  OKINAWA 

YORKTOWN  VA 

8222 

33 

13 

NAHA  OKINAWA 

CONCORD  CA 

5319 

33 

26 

NAHA  OKINAWA 

OCEANA  VA 

8271 

33 

34 

NAIIA  OKINAWA 

KADENA 

13 

33 

69 

NAHA  OKINAWA 

CAPTIVE  FLIGHT 

ROCKET 

LOLA  1 10N  =  34 

FROM 

TO 

MILES 

34 

13 

KADENA 

CONCORD  CA 

5306 

ROCKET 

LOCATION^ 35 

FROM 

TO 

35 

10 

FLINT  AE-32 

MIDWAY  CV-41 

35 

12 

FLINT  AE-32 

SUBIC  BAY  NAVMAG 

35 

36 

FLINT  AE-32 

USS  HULL 

ROCKET 

LUCA 

1  ION= 36 

FROM 

TO 

36 

2 

USS  HULL 

SUBIC  BAY  PR 

36 

13 

USS  NULL 

CONCORD  CA 

POCKET 

LOCATIONS 37 

FROM 

TO 

MILES 

37 

16 

PT.  NUGU  CA 

MIRAMAR  CA 

202 

37 

26 

PT.  MUG'J  CA 

OCEANA  VA 

2816 
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ROCKET 

L0LAiI0N=38 

FROM 

TO 

38 

1 

SIGONELLA  ITALY 

YORK  TOWN  VA 

38 

4 

SIGONELLA  ITALY 

FALLBROOK  CA 

38 

39 

SIGONELLA  ITALY 

MT.  BAKER  AE-34 

POCKET 

LOLA 

TI0N=39 

FPOM 

TO 

39 

1 

MT.  BAKER  AE-34 

YORKTOWN  VA 

39 

28 

MT.  BAKER  AE-34 

SARATOGA  CV-fcO 

39 

69 

MT.  BAKER  AE-34 

CAPTIVE  FLIGHT 

ROCKET 

LOv.  - 

i  ION-4  0 

FROM 

TO 

40 

1 

BEAUFORT  SC 

YORKTOWN  VA 

40 

12 

BEAUFORT  SC 

SUBIC  DAT  HAVMAG 

40 

55 

BEAUFORT  SC 

CHEPRY  PT.  HC 

40 

69 

BEAUFORT  SC 

CAPTIVE  FLIGHT 

ROCKET 

LOLA  f I0M=41 

FROM 

TO 

41 

1 

WABASH  AOR-5 

YORKTOWN  VA 

POCKET 

U'LH 

f ION=42 

FPOM 

TO 

42 

3 

NORFOLK  VA 

ISRAEL 

PC-K  C  T 

U  \.  \ 

IION=43 

FPOM 

TO 

POCKET 

LL  • 

1  ION-44 

FROM 

TO 

44 

1 

AMERICA  CV-66 

YORKTOWN  VA 

44 

2 

AMERICA  CV-66 

SUBIC  BAY  PR 

44 

5 

AMERICA  CV-66 

KITTY  HAWK  CV-63 

44 

8 

AMERICA  CV-66 

CORAL  SEA  CV-43 

44 

10 

AMERICA  CV-66 

f'IDWAY  CV-4 1 

44 

20 

AMERICA  CV-66 

ENTERPRISE  CVN-65 

44 

28 

AMEPIC A  CV-66 

SARATOGA  CV-60 

44 

30 

AMERICA  CV-66 

(IT.  BAKER  AE-34 

44 

40 

AMERICA  CV-66 

BEAUFORT  SC 

44 

45 

AMERICA  CV-66 

F.  0.  ROOSEVELT  CV 

44 

47 

AMERICA  CV-66 

DETROIT  AOE-4 

44 

69 

AMERICA  CV-66 

CAPTIVE  FLIGHT 

POCKET 

LOLAl 1011=45 

FROM 

TO 

45 

13 

F.  D.  ROOSEVELT  CV-4 

CONCORD  CA 

45 

4*4 

F.  D.  ROOSEVELT  CV-4 

AMERICA  CV-66 

45 

69 

F.  D.  ROOSEVELT  CV-4 

CAPTIVE  FLIGHT 

POCKET 

l( 

i ION -46 

FROM 

TO 

46 

10 

DA  HANG  VIETNAM 

MIOWAY  CV-4! 

46 

69 

DA  NANG  VIETNAM 

CAPTIVE  FLIGHT 

MILES 

4593 

7287 


MILES 

497 

8992 

326 


MILES 

5329 
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ROCKET 

LOL 

A i ION-47 

FROM 

TO 

47 

\ 

OETROIT  AOE-4 

TORKTOWN  VA 

47 

7 

DETROIT  AOE-4 

INDEPENDENCE  CV- 

47 

28 

OETROIT  AOE-4 

SARATOGA  CV-60 

47 

44 

DETROIT  AOE-4 

AMERICA  CV-66 

47 

fc9 

DETROIT  AOE-4 

CAPTIVE  FLIGHT 

ROCKET 

U- 

1 I0M-4& 

FROM 

TO 

POCKET 

LOtAl ION =49 

FROM 

TO 

49 

t 

NITPO  AE-23 

YORK  TOWN  VA 

49 

23 

NITPO  AE-23 

SARATOGA  CV-60 

h9 

30 

NITPO  AE-23 

NIMITZ  CVN-68 

49 

32 

NITPO  AE-23 

ROOSEVELT  ROADS 

49 

50 

NITPO  AE-23 

NELLIS  AFB  NV 

49 

69 

NITPO  AE-23 

CAPTIVE  FLIGHT 

ROCKET 

UK-/. 

> f ION- 50 

tpom 

TO 

50 

1 

NELLIS  AFB  NV 

YORKTOWN  VA 

50 

69 

NELLIS  AFB  NV 

CAPTIVE  FLIGHT 

ROCKET 

LOLA  I  ION'51 

FROM 

TO 

PR 


JOCKET  L0l.II0N=5Z 
FROM 


TO 


ROCKET  LU  I  ION=53 
FROM 

53  06  VF-10 
53  69  VF-IO 


TO 

OCEANA  VA 
CAPTIVE  FLIGHT 


POCKCT  LO.  II0N=54 
FROM 


TO 


POCKET  LOLA  I ION=55 
FROM 

55  1  CIIERRT  PT.  HC 

55  14  CHERRT  PT.  NC 


TO 

TORKTOWN  VA 
TUMA  AZ 


POCKET 

56 

LO'-. 

t 

•ION =56 

FROM 

EISENHOWER 

CVN-69 

TO 

TOPKTOWN  VA 

56 

26 

EISENHOWER 

CVN-6  9 

OCEANA  VA 

56 

69 

EISENHOWER 

CVN-69 

CAPTIVE  FLIGHT 

MILES 

2558 


MILES 

224 

2477 
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ROCKET 

LOLA  r ION-57 

FROM 

TO 

57 

2 

KEY  WEST  FL 

SUBIC  BAY  PR 

57 

to 

KEY  WEST  FL 

MIDWAY  CV-91 

57 

69 

KEY  WEST  FL 

CAPTIVE  FLIGHT 

ROCKET 

LOLm 

1  ION  =  58 

TO 

FROM 

53 

56 

CAIIISTEO  AO-99 

EISENHOWER  CVN-69 

ROCKET 

LOLA  1  ION-59 

FROM 

TO 

59 

10 

IWAKUNI  JA 

MIDWAY  CV-91 

59 

12 

IUAKUNI  JA 

SUBIC  BAY  NAVMAG 

59 

13 

IUAKUNI  JA 

CONCORD  CA 

59 

13 

IIJEKUMI  JA 

RANGER  CV-61 

59 

62 

IUAKUNI  JA 

H  C  M  15  NAG 

59 

69 

IWAKUMI  JA 

CAPTIVE  FLIGHT 

ROCKET 

LOi.  ' 

>11011=60 

FROM 

TO 

60 

4 

CAMDEN  AOE-2 

F ALLBROOK  CA 

60 

15 

CAMDEN  AOE-2 

SEAL  BEACH  CA 

POCKET 

LO\> 

y  I  I0N=6 1 

TO 

FPON 

6) 

10 

MAIEKALA  AE-25 

MIDWAY  CV-41 

6  1 

13 

HALEKALA  AE-25 

CONCORD  CA 

ROCKET 

l/J  - 

TO 

67 

’2 

*  15  1*5 

SUBIC  BAY  NAVMAG 

62 

1  5 

H  t  k  .ug 

CONCORD  CA 

62 

32 

rt  f  ■>  ij  'UG 

NAHA  OKINAWA 

62 

5‘ 

:  r.  '5  mao 

IUAKUNI  JA 

62 

69 

H  M  '5  MAG 

CAPTIVE  FLIGHT 

ROCKET 

LU’.. 

■>l  1011=6  J 

FROM 

TO 

63 

12 

KISKA  AE-35 

SUBIC  BAY  NAVMAG 

63 

13 

KISKA  AE-35 

CONCORD  CA 

POCKET 

LCK 

1 ION=6A 

FPOM 

TO 

64 

3 

IIAHCOCK  CV-19 

CORAL  SEA  CV-43 

POCKET  LOl/.riON=65 

FROM 

TO 

65 

10 

tlSM  PHONG 

MIDWAY  CV-91 

65 

69 

MAM  PHONG 

CAPTIVE  FLIGHT 

MILES 

9873 


MILES 

1538 

5056 
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ROCKET  LOL-.IION=66 

FROM  TO 

66  £6  CVSG  OCEANA  VA 

66  5)  CVSG  VF-4J 


ROCKET  LOCA I ION=67 
FROM 

67  27  HCM  t I  MAG 
67  69  HCM  tt  MAG 


TO 

EL  TORO  CA 
CAPTIVE  FLIGHT 


ROCKET 

LOCATION=6  8 

FROM 

TO 

68 

2  FORCE  SERVICE  REG  3 

SUBIC  BAY  PR 

NWC  TP  6305 
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COMPUTER  PROGRAMS 


STORAGE 

CAPTIVE. FLIGHT 

MARKOV 

WEATHER 

LOGISTIC 

AIRCARRY 

DAMAGE . SORT 
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o.i 
0.15 
0.2 
0.25 
0.3 
0.35 
0.4 
0.401 
0.402 
0.403 
0.404 
0.405 
0.406 
0.407 
0.403 
0.45 
0.5 
0.55 
0.6 
1  . 

2. 

2.1 

2.2 

3. 

3.1 

4 . 

4.1 

5. 

6. 

6.1 

7. 

8. 

9. 

10. 

1  1  . 

1  2  . 

13. 

14. 

15. 

1"  . 

17. 

•3. 

1  4  . 

19.1 

19.2 

19.  3 

19.4 

19.5 

19.51 

19.52 
19.525 

19.53 

19.54 

19.55 

19.56 

20. 

21 . 

22. 

23. 

25. 


//  JOB  (A954X5, 516, 0.25, 10), 'GEORGE  OERBALIAN' 

/•JOSPARM  F0RMS=148I 
//  EXEC  FORTCLG 
//FORT.SYSIN  DD  » 

C//  EXEC  WATFIV 
C//GO.SYSIN  00  « 

CJWATFIV 

C 

C  STORAGE 

C  GEORGE  OERBALIAN 

C  THIS  PROGRAM  COMPUTES  ROCKET  DAMAGE  IN  STORAGE  LOCATIONS 
C  APRIL  1981 
C 

IMPLICIT  REAL«8(A-H,0-Z> 

COMMON  /GREGU/W.UA 
COMMON/FAIL/AT . TEMP, 00 , SU , SCR , XIO 

DIMENSION  ITP(  25 l.SNIFTI  25 ) .TITLl 20 ) .CDFA1 200 ) ,CDFD<  200 > ,DMG1 100  ) 
RE  AD  1 5,500  1  TITL 
W9ITEI 6 ,600 )  TITL 

500  FORMAT* 20A4) 

600  FORMAT* '1 ' ,/20X, '»»*  ',20A4,‘  »»»') 

REA01 5,551  )  ITIME , SCFD ,SCFA ,XKT 

IF  (XKT.EQ.0.0 I  XKT=1 .0 

READ*  5,501 )  EC,EP,PR,PRC,OIFF,RI,B,ALP,ALPC,H 

501  FORMAT* 8F1 0.3) 

NR  I T  E ( 6 , 6  0 1  I  EC ,EP,PR,PRC ,DIFF ,RI ,B, ALP, ALPC ,H 

601  FORMAT* /IX, 'MODULUS  OF  CASING' ,F 15. 2 , IX , ' PSI ' ,/IX, 

*  'MODULUS  OF  PROPELLANT  ' ,FI5. 2, IX, 'PSI ' ,/)X, 

1  'POISSON"S  RATIO  OF  PROPELLANT' ,F10. 4, /IX, 

2  'POISSON'S  RATIO  OF  CASE ' . F 1 0 .4 ,/IX , 

3  'THERMAL  OIFFUSIVITT  OF  PROPELLANT  ' , E 1 2 .4 , 1 X . ' IN»IN/HR ' ,/IX, 

S  'INNER  RADIUS  OF  PROPE LI ANT ' , F 1 0 . 4 , I  X , ' IN ' , /I  X , 

4  'RADIUS  OF  PROPELLANT  ' ,F I  0.4, IX, ' IN' ,/IX, 

5  'COEFFICIENT  OF  THERMAL  EXPANSION  OF  PROPELLANT  ' , E 1 2 . 4 , 1 X ■ ' 1 /F • , 

6  /I  X, 'COEFFICIENT  OF  THERMAL  EXPANSION  OF  CASE  ' , E 1 2 . 4 , 1 X , ’ 1 /F ' 

4  .  IX. ■ THICKNESS  OF  CASING ' ,F 1 0 . 5 . 1 X, ' IN' ) 

IRR  T I  E  l  6  .  L  5 1  1  ITIME, SCFD, SCFA.XKT 

651  FORMAT l /IX, ' TOTAL  TINE='.I5, 

1  '  HPS' ,5X. 'DIURNAL  AMPLITUDE  SCALE  =  '. I  1 0 . 4 , 5X ,' SEASONAL ' , 

2  '  AMPLITUDE  SCALE  =  '  ,  F  I  0 .  ,  5X ,  '  KT=  '  ,F  1  0 . 2  1 

551  FORMAT! 15, 3F 10.31 
READ! 5.501 )  SU.SCR 
k'RITEI  6 .614  I  SU » SCR 

614  FOPMAT1/IX, 'STRESS  REQUIRED  TO  CAUSE  FAILURE  IN  1  MIN  '  ,  E  1  2 . 4  ,.1  X ,  •  P 
SSI' ,5X, 'CRITICAL  STRESS  BELOW  WHICH  NO  FAILURES  OC  '.E12.4.1X, 

5  'PSI ' 1 

READ! 5,551  I  HAT 

READ! 5.552)  1 ITPI I  ), SHIFT* I ) ,1  =  1 ,NAT ) 

552  FORMAT* I5.F10.2 1 
UR ITE ( 6 ,6 1 0 ) 

610  FORMAT* /IX, 'TEMPERATURE  F’,5X, 'SHIFT  FACTOR') 

WRITE*  6 ,61 1 )  ( ITPII  ), SHIFT* I >,!  =  > ,NAT> 

611  F  ORMAT ( 3X , 15 , 8X , F I  0 . 3 ) 

C  DEFINE  GLOBAL  CONSTANTS 

N=0. 261 799400 
k’A=N/365.0 

CALL  CONST* RI, B.H.EP, PR, ALP, DIFF, EC. PRC, ALPC) 

C  INITIALIZE  RANDOM  NUMBER  GENERATING  VARIABLE  ISEED 
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26. 

27. 

25. 

29. 

29. 1 

29.2 

30. 
31  . 


32.1 
33. 

33.1 
3'*. 

35. 

36. 

37. 
39. 


90. 


91  . 

92  . 
93. 
99. 

95. 

96. 

97. 
93. 


99. 

50. 

51  . 

52. 

53. 
59. 

55. 

56. 

57. 

58. 

59. 

60. 
60.1 
61  . 

61  1 
61  2 
62. 
63. 

63.1 

63.2 
69. 
65. 
66.1 
66.15 

66.2 
66.25 
66.3 
66.35 
66.9 
66.95 

66.5 
66.55 

66.6 


I SEED  =  98 3 1 9526 7 
C 

IR  =  0 

77  ir=ir*i 

WRITE(6,658) 

658  FORMAT! ' 1 1  I 
DO  1  1=1 ,8 

READ!9,500,END=99)  TITL 

1  UR ITE( 6 .602  I  TITL 
602  FORMAT 1 1X.20A9 ) 

READ1 9.551 1  I AMT 

C  REFERENCE  STRESS  FREE  TEMPERATURE  75F 
AMT=IAMT-75 
WRITE! 6 ,652  I  IAMT.IR 

652  FORMAT! 15, IX, ‘AVERAGE  ANNUAL  TEMPERATURE ‘ ,5X, ' LOCATION: ',151 
READ! 9,500  I  TITL 

PEAD! 9.553 1  ( COFA! I ) , 1  =  1  ,200  1 
553  FORMAT! 10X.F10.6 ) 

WRITE16.659 I 
DO  2  1=1,200 
XI  =  I 

X  =  0.5«(XI-1 .  ) 

2  IF  (I.LT.I5)  WRITE! 6,653 1  X.CDFA(I) 

653  FORMAT! F10.2iF10.61 

659  FORMAT! •  SEASONAL  TEMPERATURE  AMPLITUDE  C.D.F.'l 
READ! 9,5001  TITL 

REAO! 9,553 1  (CDFD! 1 1 ,1  =  1 ,200 1 
WRITE! 6 ,655 ) 

655  FORMAT! •  DIURNAL  TEMPERATURE  AMPLITUDE  C.D.F.’) 

00  3  1=1,200 

XI  =  I 

X=0.5«XI-0.5 

3  IF  II.LT.I5I  WRITE! 6,653 1  X.CDFDII) 

C 

DM51 IR 1=0. 

ATO=1 .000 
XIO=0.0 

c 

DO  8  1=1 iITIME 

TIME=I 

K=! 1-1 1/29 

K=K*29 

K=I- I -K 

IF  IK.EQ.O)  CALL  RANOAYISCFO.COFO.TOL.ISEEDI 
K=1 1-1 1/720 
K=K»720 
K  =  I  —  I -K 

IF  IK.EQ.O!  CALL  RANSEAI SCFA .CDFA.TAL . ISEED 1 
CALL  TEMPER  I  TIME , AMT, TAL.TDL, TEMPI 
IF  I  TEMP*  75.0.GT. ITP! 1 11  GO  TO  10 

AT=SMIFT!1 1 ♦( TEMP*75. 0-ITP1 1  > )•< SHIFT! 2  1-SHIFT! 1 1 1/ 

*  I ITPI21-ITP!  I  1 1 
GO  TO  11 

10  DO  12  11=2, NAT 

IF  ( ITP! II 1 . LT. TEMP* 75 . 1  GO  TO  12 

AT=SI!IFTI  1 1  —  1  I*!  TEMP*  75.0- ITP!  II -1  1  )•(  SHIFTI II  l-SHIFTI  II- 1  11/ 

*  1 ITP! II l-ITPl  1 1  —  1 )) 

GO  TO  II 

1 2  CONTINUE 

AT=SHIFTI  NAT )♦(  TEMP*75 ,0-ITPINAT 1 >*<  SHIFTI NAT l-SHIFTINAT- 1  1 1/ 
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66.65  i  1ITP!NAT>-ITP<NAT-ni 

66.7  11  AT=DEXPI  2 . 302585D0**AT  1 

67.  CALL  STRESSl TIME > AMT .TAL.TDL >SH ) 

67.1  0D  =  0 . 

67.2  SH=SH«XKT 

63.  CALL  DAMAGE! SH 1 

69.  OMG!IR>=DO*DMG<IR> 

70 .  ATO=AT 

71 .  3  CONTINUE 

72.  C 

75.  GO  TO  77 

76.  COULD  USE  A  SORTING  ROUTINE  HERE 

76.01  99  IR=IR-t 

76.02  KRITEI6.6571 

76.03  657  FORMAT! *  1 ' , IX, ‘RELATIVE  DAMAGE 1 ) 

76.1  WRITE16.656)  < I.OMG! I ) ,1=1 ,IR ) 

76.2  656  FORMAT! IX, ' LOCATION= 1 ,13 ,5X, 'DAMAGE5 ' , El  2 .5  ) 

77.  STOP 

78.  END 

79.  C 

81  .  C 

62.  SUBROUTINE  RANSEA! SCF A ,CDFA , TAL  > ISEED ) 

s:.1  IMPLICIT  REAL»8!A-H,0-Z! 

52  15  REAL«3  CDF A( 200) 

82.2  REAL»4  X 

63.  CALL  RANOK! ISEEO.X.O) 

63.1  XX=X 

69.  DO  4  1=1,100 

85.  XI-I 

66.  4  IF  (CDFAII).GT.XX)  GO  TO  5 

67.  5  TAL=I0.5»XI-0.5!«$CFA 

88.  RETURN 

89.  END 

90.  C 

92.  C 

93.  SUBROUTINE  RANDAY! SCFD.CDFD.TDL, ISEED ) 

93.1  IMPLICIT  REAL»S!A-H,0-Z) 

93.15  REAL»8  COFD120O) 

93.2  REAL«4  X 

94.  CALL  RANOK! ISEED. X.O) 

95.  DO  6  1=1 .200 

95.1  XX=X 

96.  XI=I 

97.  6  IF!  CDFOl  I ) .GT.XX  1  GO  TO  7 

93.  7  TDL=SCFD»!0.5*XI-0.5) 

99.  RETURN 

100.  END 

101.  C 

102. 

103.  C 

104.  SUBROUTINE  RANOK  lit,  YFL,  INDEX! 

105.  C 

106.  C  THIS  IS  A  UNIFORM  RANOOM  NUMBER  GENERATOR  WRITTEN  BY  6.  E. 

107.  C  FORSYTHE  IN  SPRING  I960.  FOLLOWING  D.  KNUTH,  THE  ART  OF  COMPUTER 

103.  C  PROGRAMMING,  VOL.  2,  PP.  155-156.  IT  IS  MUCH  SUPERIOR  TO  RANOU, 

109.  C  THE  RANDOM  NUMBER  GENERATOR  FOUND  IN  IBM'S  SCIENTIFIC  SUBROUTINE 

110.  C  PACKAGE. 

111.  C 
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112. 

C 

BEFORE  THE  FIRST  CALL  OF  RANOK ,  IY  SHOULO  BE  SET  OUTSIDE  RANOK 

113. 

c 

TO 

AN  ARBITRARY  INTEGER  VALUE.  (IN  WATFOR  THIS  IS  ESSENTIAL.) 

114. 

c 

FOR  PROGRAM  CHECKOUT,  THE  INITIAL  VALUE  OF  IY  SHOULD  BE  A  FIXED 

115. 

c 

INTEGER.  FOR  RANDOM  NUMBERS  DIFFERENT  ON  EVERY  RUN  (AND  HENCE 

116. 

c 

NOT  REPRODUCIBLE),  DECLARE  INTEGER  CLOCK!  AND  THEN  INITIALIZE 

117. 

c 

IY 

TO  CLOCK) ( 4 ) . 

i  ia. 

c 

119. 

c 

IF  RANDK  IS  CALLED  WITH  AN  INTEGER  INDEX  =  1,  THEN  THE  OUTPUT 

120. 

c 

VALUE  OF  IY  IS  A  PSEUDORANDOM  INTEGER  UNIFORMLY  DISTRIBUTED  IN  THE 

121  . 

c 

RANGE  0  <=  IY  <  2»*31. 

122. 

c 

123. 

c 

IF  RANDK  IS  CALLED  WITH  INDEX  =  0,  THEN  NOT  ONLY  IS  IY  PRODUCED 

124. 

c 

BUT  ALSO  (AT  SOME  EXTRA  COST  IN  TIME)  A  FLOATING  NUMBER  YFL,  UNI- 

125. 

c 

FORMLY  DISTRIBUTED  IN  THE  INTERVAL  0.0  <  =  YFL  <  1.0. 

126. 

c 

127. 

IY  =  IY«314159269  ♦  453806245 

128. 

4 

IF  (IY  .GE.  0)  GO  TO  6 

129. 

c 

130. 

c 

CAUTION:  THE  STATEMENT  LABEL  4  IS  ESSENTIAL  IN  ORDER  TO  PREVENT 

1  31  . 

c 

CERTAIN  COMPILERS  (E.G.,  FORTRAN  H  WITH  OPT  0)  FROM  PERFORMING 

132. 

c 

UNWANTED  "OPTIMIZATIONS."  IT  SHOULD  NOT  BE  REMOVED. 

133. 

c 

134. 

5 

IY  =  IY  ♦  2147483647  ♦  1 

135. 

c 

STATEMENT  5  ADOS  2»»3t  TO  NEGATIVE  VALUES  OF  IY 

136. 

c 

137. 

6 

IF  (INDEX)  7,  7,  8 

133. 

c 

139. 

7 

YFL  =  IY 

140. 

YFL  =  YFL*. 465661 3E-9 

141  . 

c 

142. 

8 

RETURN 

143. 

END 

144. 

c 

145. 

c 

« ** ***** * ««««* # *«« ** ««ff « » ft «# * *«#* *#**##** * * tt 

146. 

c 

147. 

SUBROUTINE  DAMAGE ( S 1 

143. 

IMPLICIT  REAL*3(A-H,0-Z> 

149. 

COMMON/FAIL/AT , TEMP , DD , SU, SCR , XIO 

151  . 

IF  (S-SCR  .GT.  0.0)  GO  TO  1 

152. 

X10=0.0 

153. 

RETURN 

154. 

1 

CN=0LOG10( S-SCR) 

155. 

CD-9.3D0 

157. 

XI=( (S-SCR )*«BB)/AT 

15Q. 

00=30. 000*1 XI ♦XIOI/1 SU-SCR )**BB 

159. 

XIO=XI 

160. 

RETURN 

161  . 

END 

162. 

c 

163. 

c 

164. 

c 

165. 

SUBROUTINE  TEMPER!  T, AMT ,TAL ,TDL .TEMP  ) 

166. 

IMPLICIT  REAL»6(A-H,0-Z) 

168. 

COMMON  /GREGT/  TCOSD.TSINO.TCOSY,  SINY 

169. 

COMMON  /GREGW7  WDAY , WYE AR 

170. 

WT  =  WYEAR  »  T 

171  . 

TEMP  =  TAL  *  (TCOSY.OCOS(WT)  ♦  TSINY*DSINI WT ) ) 

172. 

WT  =  WDAY  «  T 

173. 

TEMP  =  TEMP  *  TDL»(TCOSD*DCOS(WT(»TSINO»OSIN(WT() 

1  74. 

TEMP  =  TEMP  »  AMT 

169 
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(75. 
176. 
1  77. 
178. 
180. 
181 . 
182. 

1 83. 

1 84. 

185. 

186. 
167. 
183. 
169. 
1  90. 
191  . 
1  92. 
191. 

194. 

195. 

196. 

197. 
193. 
199. 


O'*. 

05. 

06. 

07. 

03. 

09. 

10. 

11. 

12. 

13. 

14. 

15. 

16. 

17. 

18. 

19. 

20. 
21 . 
22. 
23. 

224. 

225. 

226. 

227. 

228. 

229. 

230. 

231 . 

232. 

233. 

234. 

235. 


RETURN 

END 

SUBROUTINE  STRESS! T, AMT, TAL.TDL.SH> 

IMPLICIT  REAL*8!A-H,0-Z> 

COMMON  /GREGS/  SHCD.SHSO.SHCT.SHSY.SHCON 
COMMON  /GREGW/  WOAY,  WYEAR 
WT  =  WYEAR  »  T 

SH  =  TAL  «  (SHCY*OCOS(WT>*SHSY«DSINIMT>> 

WT  =  W0AY»T 

SH  =  SH  ♦  TOL*!SHCD*OCOSIWT>*SHSO«OSIN(MT>> 

SH  =  SH  ♦  SHCON»AMT 
RETURN 
ENO 
C 

C  «»**»«***««»«*««***»>I**»*»**«»I«1I*****»IHHI**)HHI*IHI» 

C 

SUBROUTINE  CONST! RI ,RO,H,EP, VP.ALP.DIFF ,EC ,VC, ALC  ) 

IMPLICIT  REAL«6  1A-H.O-Z1 
REAL»8  INTC.INTS 
COMPLEX* 1 6  BOA 

COMMON  /GREG/  PR,E,F,DE,DF.C.O 
COMMON  /GREGT/  TCOSD.TSIND.TCOSY.TSINY 
COMMON  /GREGS/  SHCO.SHSD.SHCY.SHSY.SHCON 
COMMON  /GREGW/  WOAY, WYEAR 
I  =  I 

PDAY  =  OSQRT(WOAY/DIFFl 
PYEAR  -  DSGRTtWYEAR/DIFF ) 

P  =  POAY 
10  PA  =  P  »  RI 

CALL  MMKEL1 ( PA ,BER,BEI ,XKER,XKEI , IER ) 

BOA  =  0CMPLX1BEI,-BER>/DCMPLX!-XKEI,XKER> 

C  =  DREAL(BOA) 

O  -  OIMAG(BOA) 

PR  =  P  *  RO 
CALL  EAN0F 
A  =  -F/1E*E*F«F) 

B  =  E/1 E*E*F*F  1 

PR  s  PA 
CALL  EANDF 
TSINY  =  B«E  -  A*F 
TCOSY  =  A»E  ♦  B*F 
IFII.EQ.2)  GO  TO  20 
TSINO  =  TSINY 
TCOSO  =  TCOSY 
1  =  2 
P  =  PYEAR 
GO  TO  10 
20  I  =  1 
P  =  POAY 

OENOM=l 1 .D0*VP)*!!1 .00-2 .DO«VP)*RO*RO»RI»RI 1/1 RO*RO-RI«RI 1 
C  ♦  <1.DO-VC*VC)*RO»EP/!H*EC> 

30  PR  =  P  *  RO 
CALL  OEAOF 

Z1  =  2.O0»EP*ALP*U.D0«VP>»RO/(P»(RO*RO-RI»RI>> 

ZS  =  A»DE  ♦  B»OF 
ZC  =  A*OF  -  B*DE 

PS  =  1Z1»ZS  -  ALC*U.DO*VC>»EP)/DENON 
PC  =  Zt»ZC/OENOM 

FCOH  =  !!Z!*P*!RO-RI  1/ROl-ALC*!  1  ,D0*VC  >*EP)/OENON 
Zl  =  RO»RO/(RO«RO-RI*RI> 
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236. 

PC  =  PC  »  Z1 

237. 

PS  =  PS  »  Z1 

233. 

PCON  =  2.DO»Z1»PCON 

239. 

Z1  =  ALP«EP*RO/1P»<1.O0-VP><i<RO»R0-RI»RI>> 

240. 

INTC  =  Z1*ZC 

241  . 

INTS  =  Z1»ZS 

242. 

INTCON  =  2.00«ALP*EP/(<1.DO-VP>»<RO*RI>> 

243. 

PR  =  P  »  RI 

244 . 

CALL  EANOF 

245. 

CALL  DEADF 

246. 

Zl  =  ALP<EPZ<P<M  I.DO-VP)«RI) 

247. 

SHCY  =  Zl  *  <A<OF-B*OEI 

248 . 

SHSY  =  Zl  «  IA«DE  ♦  B<OF) 

249. 

Zl  =  ALP*EP/<1.00-VP) 

250. 

SHCON  =  INTCON  -  PCON  -  Zl 

251. 

shcy  =  suer  -  zi« a<e*b»f> 

252. 

suer  =  suer  ♦  <intc-po»2.do 

253. 

SHsr  =  SNsr  -  zim-a<f<b<ei 

254. 

SHsr  =  stisr  ♦  <ints-psi«2.oo 

255. 

IF< I . EQ. 2 1  RETURN 

255. 

I  =  2 

257. 

P  =  PTEAR 

258. 

shcd  =  suer 

259. 

SHSD  =  SHsr 

260. 

GO  TO  30 

262. 

END 

263. 

C 

264 . 

C 

«*#*##**#**«*##*»****#**#»*####*#*#»**##»***»»»*****»****##****»»*»*#* 

265. 

C 

266. 

SUBROUTINE  EANOF 

267. 

IMPLICIT  REAL«3  (A-H.O-Z) 

268. 

COMMON  /GREG/  PR,E,F,0E,0F,C,0 

269. 

CALL  MMKELOI PR iBER .BEI .XKER .XKEI > IER  ) 

270. 

E  =  BER  ♦  C«XKER  -  0«XKEI 

271  . 

F  =  BEI  ♦  C»XKEI  ♦  0»XKER 

272. 

RETURN 

273. 

END 

274. 

SUBROUTINE  OEAOF 

275. 

IMPLICIT  REAL<8  (A-H.O-Z) 

276. 

COMMON  /GREG/  PR.E .F ,DE .DF.C.D 

277. 

CALL  MMKELOI PRiEER  >BEI >XKER  >XKEI > IER ) 

278. 

OE  =  BER  ♦  C«XK£R  -  D»XKEI 

279. 

OF  =  BEI  ♦  C»XK£I  ♦  D<XKER 

280. 

RETURN 

231 . 

END 

282. 

c 

SUBROUTINE  MMKELO  < X, BER , BEI ,XKER , XKEI , IER ) 

MML00010 

233. 

c 

MML00020 

284. 

c- 

•MMKELO . 0* . LIBRARY  1 - - - . . 

-MMLOO;  30 

2S5. 

c 

MMLOC  .0 

286. 

c 

FUNCTION  -  EVALUATE  THE  KELVIN  FUNCTIONS  BER.BEI.KER  AND 

MMLOO  0 

287. 

c 

KEI  OF  ORDER  ZERO 

MML00060 

283. 

c 

USAGE  -  CALL  MMKELOI X , BER >BEI ,XKER .XKEI , IER  I 

MMLOO  0 

289. 

c 

PARAMETERS  X  -  INPUT  ARGUMENT.  IF  X  IS  NEGATIVE.  A  WARNING 

MMLOO.  <0 

290. 

c 

ERROR  IS  PRODUCED  AND  VALUES  OF  POSITIVE 

MMLOO;  >0 

291  . 

c 

MACHINE  INFINITY  WILL  BE  RETURNED  FOR  XKER 

MMLOO  0 

292. 

C, 

AND  XKEI. 

MMLOO'  0 

293. 

c' 

BER  -  OUTPUT  ARGUMENT 

MMLOO' 20 

294. 

c 

BEI  -  OUTPUT  ARGUMENT 

MML001 30 

295. 

c 

XKER  -  OUTPUT  ARGUMENT  RETURNED  ONLY  WHEN  X  IS 

MML00140 

296. 

c 

POSITIVE. 

MMLOO 1 50 
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297. 

u 

XKEI 

-  OUTPUT  ARGUMENT  RETURNED  ONLY  WHEN  X  iS 

MML00160 

293* 

C 

POSITIVE. 

MML00170 

299. 

c 

IER 

-  ERROR  PARAMETER 

MML00180 

300. 

c 

TERMINAL  ERROR  :  128*N. 

MML00190 

30! . 

c 

N  =  1  INDICATES  THAT  THE  ABSOLUTE  VALUE  OF 

MMLOOwOO 

302. 

c 

X  MAS  GREATER  THAN  119.  BER  AND  BE1  ARE 

MML00210 

303. 

c 

SET  TO  ZERO.  IF  X  IS  NON-NEGATIVE.  XKER 

MML00220 

304. 

c 

ANO  XKEI  ARE  ALSO  SET  TO  ZERO.  OTHERHISE. 

MML00230 

305. 

c 

XKER  ANO  XKEI  ARE  SET  TO  POSITIVE  MACHINE 

MML00240 

306. 

c 

INFINITY. 

MML00250 

307. 

c 

WARNING  ERROR  =  32  ♦  N 

MML00260 

308. 

c 

N  =  2  INDICATES  THAT  X  IS  NEGATIVE. 

(1ML00270 

309. 

c 

XKER  AND  XKEI  HILL  BE  RETURNED  AS 

MHL00280 

310. 

c 

POSITIVE  MACHINE  INFINITY. 

MNL00C90 

311. 

c 

PRECISION 

-  DOUBLE 

MML00300 

312. 

c 

REQD.  IMSL  ROUTINES 

-  UERTST 

MI1L00310 

313. 

c 

LANGUAGE 

-  FORTRAN 

MML00320 

314. 

c— 

-MML00330 

315. 

c 

LATEST  REVISION 

-  APRIL  30,1975 

MML00340 

316. 

c 

MHL00350 

317. 

SUBROUTINE 

MMKELO 

( X, BER, BEI, XKER. XKEI, IER) 

MML00360 

318. 

c 

MML00370 

319. 

DIMENSION 

C1(9),C2(9),C3(9),C4(9),E1(9),E2I9) 

MML003S0 

320. 

DOUBLE  PRECISION 

Cl ,C2,C3,C4.Et ,E2.PI08.RT2,XINF. 

MML00390 

321 . 

ft 

PI, EUL, TEN, ZERO, HALF, ONE. ARG, BER, BEI, B1 ,B2,B3, 

mL00400 

322. 

ft 

B4,C0N,0C,DCM,DE,DS,DSM,DSQ.PI02.RI ,R2.S,SM,T, 

MhL004!0 

323. 

ft 

TM.TWOPI.X, XKER, XKEI, Z.ZI,ZIM,ZSQ.Z4,ZMAX 

MML00420 

324. 

c 

MML00430 

325. 

c 

COEFFICIENTS  FOR  EVALUATION  OF 

(1ML00440 

326. 

c 

BER-SUB-ZEROIX)  FOR  X  GREATER  THAN 

MHL00450 

327. 

c 

0.  AND  LESS  THAN  OR  EQUAL  TO  10. 

MML00460 

328. 

c 

MML00470 

329. 

DATA 

Cl  ( 1  >/5. 160704650-57, CM  2  >7-4.89871 257270-3/ 

MML00480 

330. 

DATA 

Cl (3 )7. 25977730007007, CII  4)7-7. 242256 7278207D07MML00490 

331. 

DATA 

C1( 5  >793. 6596692971 726D07 

MML00500 

332. 

DATA 

CM  6  >7-470 . 9502795889968D07 

MML00510 

333. 

DATA 

CM  7)7678. 168402766309100/ 

MML00520 

334. 

DATA 

CM  8  >7-156.2499999995701007 

mioosjo 

335. 

DATA 

CM917. 9999999999974D07 

MML00540 

336. 

c 

MML00550 

337. 

c 

COEFFICIENTS  FOR  EVALUATION  OF 

MML00560 

333. 

c 

BEI-SUB-ZERO(X)  FOR  X  GREATER  THAN  0 

■MML00570 

339. 

c 

ANO  X  LESS  THAN  OR  EQUAL  TO  10. 

MML00580 

340. 

c 

MML0059Q 

341 . 

DATA 

CSC  1 >74 . 491 30000-67, 02(2)7-5.4442431 750-4/ 

MML00600 

342. 

DATA 

02(3)73.642882827340-27 

MML006I0 

343. 

DATA 

C2( 4 >7-1 .4963342749742007 

MML00620 

344. 

DATA 

C2(5)/28. 96903 38786499D0/ 

M11L00630 

345. 

DATA 

C2( 6 17-240 . 2 80 75494425 74D07 

MML00640 

346. 

OATA 

C2( 717678. 168402776980700/ 

MML00650 

347. 

DATA 

CSC  8  17-434. 0277777777479D07 

MM100660 

348. 

DATA 

C2(  9 1724 . 999999999999SD0/ 

HMl 00670 

349. 

c 

MI1L00680 

350. 

c 

COEFFICIENTS  FOR  EVALUATION  OF 

MML00690 

351 . 

c 

KEI -SUB-ZERO! X)  FOR  X  GREATER  THAN 

MML00700 

352. 

c 

OR  EQUAL  TO  ZERO  ANO  X  LESS  THAN  OR 

MML00710 

353. 

c 

EQUAL  TO  10. 

MHL00720 

354. 

c 

MML00730 

355. 

OATA 

C3( 1 >/1 . 543630470-57, C3( 2)7-1 .80647778600-37 

MML00740 

356. 

DATA 

C3( 3)7.122208738219200/ 

MML00750 
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357. 

OATA 

C31 4 )/-4. 51 874591 3263900/ 

MML00760 

3S3. 

DATA 

C3(5)/8I .952477160620000/ 

MI1L00770 

359. 

DATA 

C3(6)/-623.013671740520tD0/ 

mL0070C 

360. 

DATA 

C31 7 1/1548. 48451 96730992D0/ 

HML00790 

361 . 

DATA 

C3(S)/-795. 717592592436600/ 

MML00800 

362. 

DATA 

C3( 9 1/24 . 999999999999300/ 

11ML00310 

363. 

C 

MHL00820 

364. 

C 

COEFFICIENTS  FOR  EVALUATION  OF 

NML00830 

365. 

C 

KER-SUB-ZERO(X)  FOR  X  GREATER  THAN  ORMML00340 

366. 

C 

EQUAL  TO  ZERO  AND  X  LESS  THAN  OR 

M11L00850 

367. 

C 

EQUAL  TO  TEN 

MML00860 

368. 

C 

MHL00870 

369. 

DATA 

C4< 1 >/1 .2161 1090-6/, C4( 2  1/-1 .7976279860-4/ 

MML00380 

370. 

OATA 

C41 31/1 .59330149705D-2/ 

mL00090 

371  . 

OATA 

C4< 4)/-. 8061 52902787600/ 

MM100900 

372. 

DATA 

C4( 51/21 .2I23451660231D0/ 

MML0091 0 

373. 

OATA 

C4161/-255.097I742710479D0/ 

MML00920 

374. 

OATA 

C4( 7 1/1 153. 8281 85281 456  IDO/ 

HML00930 

375. 

OATA 

C4181/-14I2. 8508391 2036 36D0/ 

IU1L00940 

376. 

DATA 

C4( 91/234. 37SD0/ 

MML00950 

377. 

C 

HML00960 

378. 

C 

COEFFICIENTS  FOR  EVALUATION  OF 

HML00970 

379. 

C 

AUXILIARY  FUNCTIONS  FOR  X  GREATER 

MML00930 

380. 

C 

THAN  10. 

MML00990 

381  . 

c 

M11L01  000 

382. 

DATA 

E 1 1 1  1/4 . 920-8/ . E 1 ( 2 1/1 . 452D - 7/ , E 1 1  3 1/1 . 350-8/ 

MML01 01 0 

333. 

OATA 

El  1 4 1/-1 .61 920-6/ » El  1 5 1/-1 .12207D-5/ 

MML01020 

334. 

DATA 

Ell  6 I/-5.17869D-5/.E1 17 1/7.00-10/ 

MML01 030 

335. 

DATA 

El  1 8 1/8.83883460-3/ *E1 1 9 1/1 .000/ 

M11L0 1 040 

336. 

DATA 

E2< 1 I/-2 .430-8/ ■ E2( 2 1/7. 5D-8/.E21 3 1/5. 929D-7/ 

MML0I050 

387. 

DATA 

E214I/1 . 64310-6/, E2I 5 1/-7. 20-9/ 

MNL01060 

338. 

DATA 

E21 6 1/-5. 180060-5/, E2I 7 1/-7. 0312410-4/ 

HML01070 

3S9. 

OATA 

E2(  8 1/-8 .83883400-3/ , E2I 9 1/0 . 000/ 

H11L01080 

390. 

c 

HML0I090 

391  . 

c 

MISCELLANEOUS  CONSTANTS 

MML01100 

392. 

c 

HML01110 

393. 

OATA 

PI02/I .570796326794396600/ 

MML0II20 

394. 

DATA 

TKOPI/6 . 2831853071 7958600/ 

MML01130 

395. 

DATA 

PI08/. 3926990816937241500/ 

MMLOI 140 

396. 

DATA 

RT2/. 707106781 1865475200/ 

MMLOI150 

397. 

OATA 

XINF/Z7FFFFFFFFFFFFFFF/ 

MML0I160 

393. 

OATA 

PI/3. 1415926- 3539793200/ 

MML01170 

399. 

OATA 

EUL/. 57721 5664901 5323600/ 

M11L01 180 

400. 

OATA 

TEN/I  0 . 00/, ZERO/O . DO/, HALF/. 500/, ONE/I .00/ 

MMLOI 190 

401  . 

OATA 

ZMAX/1 19.00/ 

M11L01200 

402. 

IER  =  0 

M1IL01210 

403. 

Z  -  DABS1XI 

MMLOI 220 

404. 

IF  (Z  .GT.  TEN) 

GO  TO  15 

MML01230 

405. 

IF  (Z  .EQ.  ZERO) 

GO  TO  10 

MNL0I240 

406. 

c 

CALCULATION  OF  FUNCTIONS  FOR  ABS(X) 

I111L01 250 

407. 

c 

LESS  THAN  10. 

MML01260 

403. 

Z  =  Z/TEN 

M11L01270 

409. 

ZSQ  =  Z«Z 

M11L01 280 

410. 

Z4  *  ZSQ«ZSQ 

MML01290 

411. 

B1  =  Cl  1 1 » 

MMLOI 300 

412. 

62  *  C2( 1 » 

MHL0I3I0 

413. 

B3  =  C3(  II 

MMLOI 320 

414. 

B4  s  C41 1 ) 

MMLOI 330 

415. 

DO  5  I  s  2,9 

MMLOI 340 

416. 

B1  =  8!*Z4*C1 1 I 1 

MMLOI 350 
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A1  7. 

32  =  B2»Z4*C2<II 

MHL0I360 

413. 

B3  =  B3«Z4*C3(I) 

MMLO 1 370 

419. 

B4  =  B4*Z4*C4II) 

MML01380 

420. 

5  CONTINUE 

MML01390 

421  . 

BER  i  B1 

MML01400 

422. 

BEI  =  ZSQ«B2 

MMLO 14 1 0 

421. 

IF  (X  -LT.  ZERO)  GO  TO  30 

MML01420 

424. 

R1  *  ZSQ4B3 

MML01430 

425. 

R2  =  Z4«B4 

MMLO 1440 

426. 

CON  =  (DLOG<X*HALF)+EUL) 

MML01450 

427. 

XKEI  =  -PI02»HALF«BER*IR1- 

BEI«CON) 

MML01460 

423. 

XKER  =  PI02«HALF«BEI-<R2*BER*C0N> 

MML01470 

429. 

GO  TO  9005 

MML01480 

430. 

C 

X  EQUAL  0. 

DEFAULT  TO 

PROPER  VALUES 

MML0I490 

431 . 

10  BER  =  ONE 

MMLO 1500 

432. 

BEI  =  ZERO 

MML0 1 5 1 0 

433. 

XKEI  =  -HALF«PI02 

MML01520 

434 . 

XKER  =  XINF 

MMLO 1530 

435. 

GO  TO  9005 

MML01540 

436. 

C 

X  GREATER 

THAN  10.  CALCULATE 

MML0I550 

437. 

c 

AUXILIARY 

FUNCTIONS 

MML01560 

433. 

15  IF  (Z  .GT.  ZMAX )  GO  TO  25 

MMLO 1570 

439. 

21  t  TEN/Z 

MMLO 1530 

440 . 

ZIM  =  -ZI 

MMLO 1590 

441  . 

S  =  Eli  1) 

MML01600 

442. 

SM  =  S 

MMLO 1610 

443. 

T  -  E2( 1  1 

MML0I620 

444. 

TM  a  T 

MML01630 

445. 

DO  20  I  =  2.9 

M11L01640 

446. 

S  =  S»ZI*E1tI) 

MML0I650 

447. 

T  =  T#ZI»E2<I) 

MMLD1660 

443. 

SM  =  SM*ZIM»E1U> 

MML01670 

449, 

TM  =  TM»ZIM*E2U> 

MMLO 1680 

450. 

20  CONTINUE 

MI1L01690 

451  . 

ARG  =  Z*RT2 

MMLO 1700 

m52. 

OS  i  0SIN1 ARG-PI08 1 

MMLO 1710 

453. 

DC  s  DC0S1ARG-PI08) 

MML01720 

454. 

DSM  =  DSIN1 ARG»P108) 

MMLO 1 730 

455. 

DCM  =  DC0S(ARG»PI08) 

MML01740 

456. 

DE  =  DEXP(ARG) 

MML01750 

457. 

OSQ  =  OSQRT(TWOPI*Z) 

MMLO 1760 

453. 

c 

CALCULATE 

THE  DES1REO 

FUNCTIONS 

MMLO 1770 

459. 

BER  -  OE*(S»DC-T»DS)/DSQ 

MML01  780 

460. 

BEI  =  DE«(T*OC*S*DS)/OSQ 

MML01  790 

461  . 

IF  IX  .LT.  ZERO)  GO  TO  30 

MMLO 1800 

462. 

XKEI  =  PI«1TM«0CM-SM»DSM)/IDE*DSQ> 

MMLO 1810 

463. 

XKER  =  PI«<SM«0CM»TH«0SM)X(.7E*D5Q> 

MMLO 1820 

464. 

GO  TO  9005 

MMLO 1330 

465. 

c 

Z  TOO  LARGE. 

MMLO 1840 

466 . 

25  BER  =  ZERO 

MMLO 1050 

467. 

BEI  =  ZERO 

MMLO I860 

463. 

IER  =  129 

MMLO 1870 

469. 

IF  (X  .LT.  ZERO)  GO  TO  35 

MMLO 1880 

470. 

XKEI  =  ZERO 

MI1L01690 

471  . 

XKER  =  ZERO 

MMLO 1900 

472. 

GO  TO  9000 

MML01910 

473. 

c 

X  LESS  THAN  0.  DEFAULT  TO  PROPER 

MML0I920 

474. 

c 

VALUES 

MML01930 

475. 

30  IER  =  34 

HML0I940 

476 . 

35  XKEI  =  XINF 

MML01950 
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477. 

XKER  =  XINF 

MM101960 

478. 

IF  ( IER  . EQ.  01  GO  TO  9005 

MML01970 

479. 

9000  CONTINUE 

MML01 930 

48C. 

CALL  UERTST  ( IER.6HMMKEL0 1 

MML01 990 

481  . 

9005  RETURN 

MML02000 

s82 . 

END 

MHL0C010 

433. 

c 

SUBROUTINE  MMKELD 

(X, BERP.BEIP, XKERP, XKEIP, IER) 

MNLL0010 

484. 

c 

MNLL0020 

435. 

c- 

MMKELD - 0 - 

•LIBRARY  1 . . . 

-MMLL0030 

486. 

c 

HMLL0040 

487. 

c 

FUNCTION 

-  EVALUATE  THE  DERIVATIVES  OF  THE  KELVIN 

MMLL0050 

483. 

c 

FUNCTIONS  (BER.BEI.KER  AND  KEI )  OF  ORDER 

MMLL0060 

489. 

c 

ZERO. 

MMLL0070 

490. 

c 

USAGE 

-  CALL  HMKELDIX, BERP.BEIP, XKERP, XKEIP, IER) 

MMLL0030 

491  . 

c 

PARAMETERS  X 

-  INFUT  ARGUMENT.  IF  X  IS  NEGATIVE,  A  WARNING 

MMLL0090 

492. 

c 

ERROR  IS  PRODUCED  AND  VALUES  OF  POSITIVE 

MMLL01 00 

493. 

c 

MACHINE  INFINITY  WILL  BE  RETURNED  FOR  XKERP 

MMLLOIIO 

494 . 

c 

AND  KEIP. 

MMLL01 20 

495. 

c 

8ERP 

-  OUTPUT  ARGUMENT 

MMLL0130 

496. 

c 

BE  IP 

-  OUTPUT  ARGUMENT 

MMLLO 140 

497. 

c 

XKERP 

-  OUTPUT  ARGUMENT  RETURNED  ONLY  WHEN  X  IS 

MMLLO 1 50 

498. 

c 

POSITIVE. 

MMLL0160 

499. 

c 

XKEIP 

-  OUTPUT  ARGUMENT  RETURNED  ONLY  WHEN  X  IS 

MMILO 170 

500. 

c 

POSITIVE. 

MMLLO 180 

501  . 

c 

IER 

-  ERROR  PARAMETER. 

MMLLO 190 

502. 

c 

TERMINAL  ERROR  =  I28*N. 

MMLL0200 

503. 

c 

N  =  1  INDICATES  THAT  THE  ABSOLUTE  VALUE  OF 

HMLL02I0 

504. 

c 

X  WAS  GREATER  THAN  119.  BERP  AND  BEIP  ARE 

MMLL0220 

505. 

c 

SET  TO  ZERO.  IF  X  IS  NON-NEGATIVE,  XKERP 

MMLL0230 

506. 

c 

AND  XKEIP  ARE  ALSO  SET  TO  ZERO.  OTHERWISE 

.  MMLL0240 

507. 

c 

XKERP  AND  XKEIP  ARE  SET  TO  POSITIVE 

MMLL0250 

503. 

c 

MACHINE  INFINITY. 

HMLL0260 

509. 

c 

WARNING  ERROR  =  32*N. 

MMLL0270 

510. 

c 

N  =  2  INDICATES  THAT  X  IS  NEGATIVE. 

MMLL0280 

511. 

c 

XKERP  AND  XKEIP  WILL  DE  RETURNED  AS 

MMLL0290 

512. 

c 

POSITIVE  MACHINE  INFINITY. 

MMLL0300 

513. 

c 

PRECISION 

-  DOUBLE 

MMLLO 31 0 

514. 

c 

REQO.  IMSL  ROUTINES 

-  MMKE 10, UERTST 

MMLL0320 

515. 

c 

LANGUAGE 

-  FORTRAN 

MMLL0330 

516. 

c- 

-MMLL0340 

517. 

c 

LATEST  REVISION 

-  SEPTEMBER  22,1976 

MMLL0350 

513. 

c 

MMLL0360 

519. 

SUBROUTINE  MMKE 101 X .BERP.BEIP, XKERP, XKEIP, IER > 

MMLL0370 

520. 

c 

MMLL0380 

521  . 

DIMENSION 

D1(9),D2(9),DM9),D4I9),E3(9),E4(9) 

MMLL0390 

522. 

DOUBLE  PRECISION 

ARG, BEI, BEIP, BER, BERP, Bt ,B2 ,03 ,B4 , CON, DC ,OCM, 

MMLL0400 

523. 

* 

DE,OS,DSM,DSq,OI ,D2,D3,D4,EUL,E3.E4,PI.PI02, 

MMLL0410 

524. 

ft 

PI03»RT2,R1P ,R2P,TWOPI ,U ,UM, V, VM.X.XINF ,XKEI , 

MMLL0420 

525. 

* 

XKEIP, XKER, XKERP, Z.ZI ,ZIM,ZSQ,Z3,Z4,ZMAX 

MMLL0430 

526. 

DOUBLE  PRECISION 

TEN, ZERO, HALF 

MMLL0440 

527. 

DATA 

TEN/1  0.00/, ZERO/O. DO/, HALF/. 500/ 

HULL0450 

528. 

c 

HULL 0460 

529. 

c 

COEFFICIENTS  FOR  EVALUATION  OF  BERP- 

MMLL0470 

530. 

c 

SUB-ZERO(X)  FOR  X  GREATER  THAN  0.  ANDHMLL0430 

531  . 

c 

LESS  THAN  OR  EQUAL  TO  10. 

MMLL0490 

532. 

c 

MMU0500 

533. 

DATA 

Dill )/-1 .2506046D-6/, 01121/1 .7014534510-4/ 

MMLL05I0 

534. 

DATA 

D1 ( 3 )/— 1 . 372460361900-2/ 

MMLL0520 

535. 

DATA 

D1 14)/. 6234726 34824 3D 0/ 

MMLL0530 

536. 

OATA 

011  5)/- 14. 48451 6949840300/ 

MMLL0540 
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537. 

DATA 

Dt(61/150.1754718432278D0/ 

MMLL0550 

538. 

DATA 

01 ( 7I/-565. 140335647943600/ 

HNLL0560 

539. 

DATA 

01(8 1/542 . 5347222222 I47D0/ 

MHLL0570 

540. 

DATA 

OH  9 1/-62. 499999999999900/ 

W1lL0580 

541  . 

C 

MMLI0590 

542. 

C 

COEFFICIENTS  FOR  EVALUATION  OF  BEIP- 

NHL L0600 

543. 

C 

SUB-ZEROI X 1  FOR  X  GREATER  THAN  0. 

I1MLL06I0 

544. 

C 

AND  LESS  THAN  OR  EQUAL  TO  10. 

1U1LL0620 

545. 

C 

H11LL0630 

546. 

DATA 

02(11/1 .5226 98840-5/, D2( 2 1/-I .63311008370-3/ 

W1LL0640 

547. 

DATA 

02(31/9.991470649320-2/ 

MNLL0650 

543. 

DATA 

D2( 4 1/-3. 291 9352 10857900/ 

MMLL0660 

549. 

DATA 

02(51/52.1 44260897590500/ 

MMLL0670 

550. 

DATA 

D2(6>/-336. 393056902365 100/ 

MMLL0680 

551  . 

DATA 

02( 71/678.168402774753900/ 

NNLL0690 

552. 

DATA 

021 8 1/-260. 41 6666666553300/ 

MNLL0700 

553. 

DATA 

02(9 1/4. 9999999999993D0/ 

HMLL07I  0 

554. 

C 

M11LL0720 

555. 

C 

COEFFICIENTS  FOR  EVALUTION  OF  KEIP- 

W1LL0730 

556. 

c 

SUB-ZERO(X)  FOR  X  GREATER  THAN  0. 

NMLL0740 

557. 

c 

AND  LESS  THAN  OR  EQUAL  TO  10. 

MMLL0750 

553. 

c 

NMLL0760 

559. 

DATA 

03(1 1/5.232943140-5/ 

NMLL0770 

560. 

DATA 

031 2 1/-S .41 885584080-3/ 

MMLL0780 

561  . 

DATA 

D3( 31/. 31 7741 84 3466600/ 

11MLL0790 

562. 

DATA 

03( 4 1/-9. 941 240320972 5D0/ 

MMLL0300 

563. 

DATA 

03(5 1/147. 514458591  3337D0/ 

MNLL0810 

564. 

DATA 

03( 6 1/-872.21 91 40367245500/ 

NHLL0820 

565. 

DATA 

03<  7 1/1548.48451 96652035DO/ 

MMLL0830 

566. 

DATA 

03(8 I/-477. 4305555551 53600/ 

MMLL0040 

567. 

DATA 

03(91/4.999999999997500/ 

MMLL0D50 

568. 

c 

M1ILL0860 

569. 

c 

COEFFICIENTS  FOR  EVALUATION  OF  KERP- 

MMLL0870 

570. 

c 

SUB-ZERO(X)  FOR  X  GREATER  THAN  OR 

MMLL0330 

571  . 

c 

EQUAL  TO  0.  AMD  LESS  THAN  OR  EQUAL 

W1LL0890 

572. 

c 

TO  10. 

NMLL0900 

573. 

c 

NHLL09I  0 

574. 

DATA 

04( 1 1/4. 36820530-6/, 041 2 1/-5. 7520422830-4/ 

MMLL0920 

575. 

DATA 

04(31/4.462638621450-2/ 

MMLL0930 

5  76. 

DATA 

04(41/-! .934766922923700/ 

NNLL0940 

577. 

DATA 

04(51/42.424690313100000/ 

MMLL0950 

578. 

DATA 

04(6 1/-408. 1554738292578D0/ 

W1LL0960 

579. 

OATA 

04(71/1384.593322337245200/ 

MMLL0970 

550. 

DATA 

04181/-1 130.230671296269400/ 

MMLL0930 

531  . 

DATA 

D4( 91/93.749999999999800/ 

NMLL0990 

532. 

c 

miuooo 

533. 

c 

ririLLI  010 

55  4. 

c 

COEFFICIENTS  FOR  EVALUTION  OF 

MMLL1020 

585. 

c 

AUXILIARY  FUNCTIONS  FOR  X  GREATER 

MHLL1030 

5S6. 

c 

THAN  10. 

NMLLI040 

537. 

c 

11MLL1  050 

523. 

DATA 

E  31  1  1/-5. 630-8/,  E  31  21/-1  .671D-7/ 

Mr  ILL  1  060 

5  39. 

DATA 

E3( 31/- 1 .470-8/, E3(  4 1/t .97600-6/ 

NMLL1070 

590. 

DATA 

E3I5I/I .44255D-5/, £3(61/7.250240-5/ 

MM  L  L 1 080 

591  . 

DATA 

E  3  < 71/-8.00-l0/,E3(81/-2.65l65040D-2/ 

MMLL1090 

592. 

DATA 

£3(91/1  ,0D0/ 

MTILL1 1  00 

593. 

DATA 

£4(  1  1/-2. 690-8/, E4I21/-8. 830-8/ 

WILLI  110 

594. 

DATA 

£4<  3 1/-6. 9920-7/, E4( 4 1/-2. 00420-6/ 

WILL1 120 

595. 

OATA 

E4( 5 1/7. 90-9/, E4( 6 1/7. 251 790-5/ 

WILL1 130 

S’6. 

OATA 

E4171/1 . 171 87400- 3/, £4(61/2.651650340-2/ 

WILL1 140 
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597. 

DATA 

E41 9 )/0 

.000/ 

MMLL1 ISO 

59Q . 

c 

NNLL1160 

599. 

c 

MISCELLANEOUS  CONSTANTS 

MMLL1170 

600. 

c 

MMLL1 160 

601  . 

DATA 

PI02/1 . 

570796326794896600/ 

MMLLI 190 

602. 

DATA 

TWOPI/6 

.28318530717958600/ 

MMLL1 200 

603. 

DATA 

PI08/0 . 

3926990816987241500/ 

MMLLI 21 0 

604. 

DATA 

RT2/0 . 7071 06  781 18654752D0/ 

MULL  1220 

605. 

DATA 

XINF/Z7FFFFFFFFFFFFFFF/ 

MMLL1230 

606. 

DATA 

PI/3. 141592653569793200/ 

MMLLI 240 

6 07 . 

DATA 

EUL/0. 57721 566490 15328600/ 

MMLLI 250 

603. 

DATA 

ZMAX/I 19. DO/ 

MMLLI 260 

609. 

IER  =  0 

MMLLI 270 

610. 

CALL  MMKEL01 XiBER 

,BEI,XKER 

.XKEI.IER) 

MMLLI 280 

61  1  . 

Z  =  DABS(X) 

MMLLI 290 

612. 

IF  (Z  .GT.  TEN!  GO  TO  15 

MMLLI 300 

613. 

IF  (Z  .EQ.  ZERO) 

GO  TO  10 

MMLLI 310 

614. 

c 

CALCULATION  OF  FUNCTIONS 

FOR  ABS(X) 

MMLLI 320 

615. 

c 

LESS  THAN  10. 

MMLLI 330 

616. 

Z  =  Z/TEN 

MMLLI 340 

617. 

Z SO  =  Z»Z 

MMLLI 350 

618. 

Z3  =  ZSQ«Z 

MMLLI 360 

619. 

Z4  =  ZSQ«ZSQ 

MMLLI 370 

620. 

Bl  -  OK  U 

MMLLI 380 

621. 

B2  =  02<  t) 

MMLLI 390 

622. 

B3  =  D3(  t) 

MMLLI 400 

623. 

B4  s  04(1) 

MMLL14I 0 

624. 

DO  S  I  =  2,9 

MMLU420 

625. 

Bl  =  BI»Z4*01(I) 

MMLL1430 

626. 

B2  *  B2«Z4*02(II 

HMLLI440 

627. 

B3  s  B3»Z4*03(I> 

MMLL1450 

628. 

B4  =  B4»Z4*04(I) 

MMLL1460 

629. 

CONTINUE 

MMLLI 470 

630. 

BERP  =  B1»Z3 

MMLL1480 

631  . 

BEIP  =  Z»B2 

MMLL1490 

632. 

IF  I  X  .IT.  ZERO) 

GO  TO  30 

MMLLI 500 

633. 

RIP  -  Z»B3 

MMLLI 510 

634. 

R2P  =  Z3»B4 

MMLL1520 

635. 

CON  =  (0LO3(X»l(Al 

FI  ♦  EUL) 

MMLLI 530 

636. 

V  =  OABS(X) 

MMLL1540 

637. 

XKEIP  =  -PI02*HAl.F«eERPMR1P-BEIP»C0N-BEI/V> 

MMLL1550 

633. 

XKERP  =  PI02«HAlF«BEIP-<  RCI 

P*BERP»CON«BER/V) 

MMLLI560 

639. 

GO  TO  9005 

MMLLI 570 

640 . 

c 

X  EQUAL  TO  0.  DEFAULT  TO 

PROPER 

MMLLI 580 

641  . 

c 

VALUES 

MULL 1590 

642. 

10  BERP  =  ZERO 

MMLL1600 

643. 

BEIP  =  ZERO 

MMLLI6I0 

644 . 

XKEIP  =  ZERO 

MMLL1620 

645. 

XKERP  =  -XINF 

MMLLI 6 30 

646. 

GO  TO  9005 

MMLL1640 

647. 

c 

X  GREATER  THAN  10.  CALCULATE 

MMLL1650 

643. 

c 

AUXILIARY  FUNCTIONS 

MMLLI 660 

649. 

15  IF  (Z  .GT.  ZMAX) 

GO  TO  25 

MMLLI670 

650. 

ZI  =  TEN/Z 

MMLLI 630 

651  . 

1 

ZIM  —  -ZI 

MMLLI690 

652. 

U  =  E3CI  > 

MMLLI 700 

653. 

UM  =  U 

MMLLI 71 0 

654. 

V  =  E4(  1) 

MMLLI 720 

655. 

VM  =  V 

MMLLI 730 

656. 

00  20  I  -  2,9 

MMLLI 740 
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657. 

0  =  U«ZI*E3(I1 

MHLL1750 

653. 

V  =  V*ZI*E4(II 

MMLLI760 

659. 

UM  =  UM*ZIt1*E3(II 

MMLLI 770 

660. 

VM  =  VM«ZIM*E4(I> 

NULL 1780 

661  . 

20  CONTINUE 

MMLLI 790 

662. 

ARG  =  Z«RT2 

MMLL1800 

663. 

OS  =  OSIN1 ARG-PI08 1 

MMLLI 81  0 

664. 

DC  =  DCOSt ARG-PI08 1 

MMLL1820 

665. 

OSH  =  OSIN( ARG+PI081 

MMLLI 830 

666. 

DCM  =  OCOS(  ARG*PI08) 

MI1LLI840 

667. 

OE  =  DEXP(ARG) 

MMLLI850 

66  8. 

DSQ  =  OSQRT1 TWOPI*Z  1 

MMLLI 860 

669. 

C 

CALCULATE  THE  DESIRED  FUNCTIONS 

MMLLI870 

670 . 

BERP  =  OE»(U«DCM-V«DSMI/OSQ 

MMLLI 630 

671 . 

BEIP  =  DE*<  V«DCM‘U»0SMI/DS9 

MMLL1090 

672. 

IF  (X  .LT.  ZERO  1  GO 

TO  30 

MMLLI  900 

673. 

XKEIP  =  -PI«(VM»QC-UM*DS>/(DE«DS(»* 

MMLLI 910 

674. 

XKERP  =  -PI»( UM«OC*VM»DS )/(  OE»OSQ ) 

MMLLI 920 

675. 

GO  TO  9005 

MMLLI 930 

676. 

C 

Z  TOO  LARGE. 

MMLLI 940 

677. 

25  BERP  =  ZERO 

MMLLI 950 

678. 

BEIP  =  ZERO 

MMLLI 960 

679. 

IER  =  129 

MMLLI 970 

630. 

IF  (X  .LT.  ZERO  1  GO 

TO  35 

MMLLI 980 

631  . 

XKEIP  =  ZERO 

MMLLI 990 

632. 

XKERP  =  ZERO 

MMLL2000 

683. 

GO  TO  9000 

MMLL2010 

684. 

C 

X  LESS  THAN  0.  DEFAULT  TO  PROPER 

MMLL2020 

635. 

C 

VALUES 

MMLL2030 

066 . 

30  IER  s  34 

MMLL2040 

687. 

BERP  =  -BERP 

MMLLC050 

683. 

BEIP  =  -BEIP 

MMLL2060 

639. 

3b  XKERP  =  XIHF 

MMLL2070 

690. 

XKEIP  =  XINF 

MMLL2080 

691  . 

IF  (IER  .EQ.  01  GO  TO  9005 

MMLLC090 

692. 

9000  CONTINUE 

MMLL2I00 

693. 

CALL  UERTST! IER, 6HMMKEL0) 

MMLL21 10 

694. 

9005  RETURN 

MMLL2120 

695. 

END 

MMLL2I30 

696. 

c 

SUBROUTINE  UERTST  (IER, NAME) 

UERT00I0 

697. 

C 

UERT0020 

693. 

c- 

UERTST - - LIBRARY  1 - - 

-ULRT0030 

699 . 

c 

UERT0040 

700. 

c 

FUNCTION 

ERROR  MESSAGE  GENERATION 

UERT0050 

701  . 

c 

USAGE 

CALL  UERTST( IER. NAME  1 

UCRT0060 

702. 

c 

PARAMETERS  IER 

ERROR  PARAMETER.  TYPE  ♦  N  WHERE 

UERT0070 

703. 

c 

TYPE=  128  IMPLIES  TERMINAL  ERROR 

UERT0080 

704. 

c 

64  IMPLIES  WARNING 

WITH 

FIX 

UERT0090 

705. 

c 

32  IMPLIES  WARNING 

UERT0I00 

706. 

c 

N  =  ERROR  CODE  RELEVANT 

TO  CALLING  ROUTJNEUERTOI 10 

707. 

c 

NAME 

INPUT  VECTOR  CONTAINING  THE 

NAME 

OF  THE 

UERT0I20 

708. 

c 

CALLING  ROUTINE  AS  A  SIX  CHARACTER  LITERAL 

UERT0I30 

709. 

c 

STRING. 

UERT0140 

710. 

c 

LANGUAGE 

FORTRAN 

UERT0150 

712. 

c 

LATEST  REVISION 

JANUARY  !8,  1974 

UERT0I70 

713. 

c 

UCRT0180 

714. 

SUBROUTINE  UERTST( IER .NAME ) 

UERT0I90 

715. 

c 

UERT0200 

716. 

OIMENSION  ITYP(5,41,IBIT(4) 

UERT021Q 
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717. 

INTEGER»2  NAME ( 3 ) 

UERT0220 

718. 

INTEGER  WARN, MARE, TERN, PRINTR 

UERT0230 

719. 

EQUIVALENCE  ( IBIT1 1  ) . WARN ) , I IBITl 2 >  .UARF  ) . ( IBIT1 3 ) .TERM ) 

UERT0240 

720. 

DATA  ITTP  /'HARN'.’ING  *,*  *,• 

UERT0250 

721  . 

*  -WARN' , *ING( * , •WITH1 , •  FIX',’)  ’, 

UERT0260 

722. 

«  -TERM' INAL*, 1  *,■  *.' 

UERT0270 

723. 

*  ‘NON- '  ■ 1 OEFI  ’  ■  ‘NED  V, 

UERT0280 

724. 

«  IBIT  /  32.64.128,0/ 

UERT0290 

725. 

OATA  PRINTR  /  6/ 

UERT0300 

726. 

IER2-IER 

UERT031 0 

727. 

IF  (IER2  .GE.  WARN)  GO  TO  5 

UERT0320 

723. 

C 

NON-OEF1NEO 

UERT0330 

729. 

IER1 =4 

UERT0340 

730. 

GO  TO  20 

UERT0350 

731 . 

5 

IF  (IER2  .LT.  TERM)  GO  TO  10 

UERT0360 

732. 

c 

TERMINAL 

UERT0370 

733. 

IERI =3 

UERT0330 

734. 

GO  TO  20 

UERT0390 

735. 

10 

IF  (IER2  .LT.  WARF )  GO  TO  t5 

UERT0400 

736. 

c 

WARNING! WITH  FIXI 

UERT041 0 

737. 

IER1=2 

UERT0420 

738. 

GO  TO  20 

UERT0430 

739. 

c 

WARNING 

UERT0440 

740. 

15 

IER1-1 

UERT0450 

741 . 

c 

EXTRACT  ‘N* 

UERT0460 

742. 

20 

IER2=IER2-IBIT( IERI  1 

UERT0470 

743. 

c 

PRINT  ERROR  MESSAGE 

UERT0430 

744. 

WRITE  (PRINTR, 251  ( ITYP( I .IERI 1 ,1=1 ,5 1 .NAME , IER2 , IER 

UERT0490 

745. 

25 

FOP MAT ( '  «»«  I  M  S  L1UERTSTI  ««*  ‘ ,5A4,4X,3A2,4X,I2, 

UERT0500 

746. 

*  ‘  1IER  =  ' ,13.' )‘  1 

UERT051 0 

747. 

RETURN 

UERT0520 

748. 

END 

UERT0530 

749 . 

SUBROUTINE  MMKEL1  ( X.BER1 , BEI1 .XKER1 .XKEI1 ,IER  ) 

MML1 0360 

750. 

c 

MML10370 

751  . 

DOUBLE  PRECISION  BER1 .BEI1 .BERP.BEIP.RT2 .X.XINF .XKEIP.XKEI1 , 

MML10380 

752. 

«  XKERP.XKERI .ZERO.ZMAX 

MML10390 

753. 

OATA  XINF/Z7FFFFFFFFFFFFFFF/, ZERO/O. DO/ 

MML10400 

754. 

OATA  RT2/0. 707106781 1865475200/ 

MNL10410 

755. 

OATA  ZMAX/I 19.00/ 

NMLI0420 

756. 

IER  =  0 

MIIL10430 

757. 

IF  (X  .EQ.  ZERO)  GO  TO  15 

MML10440 

758. 

IF  (OABS(X)  .GT.  ZMAX 1  GO  TO  10 

UHL 10450 

759. 

CALL  HMKELO(X,BERP,BEIP.XKERP,XKEIP,IER> 

MflL  10460 

760. 

BEII  =  (BERP*BEIP1  «RT2 

MMLI0470 

761  . 

BER1  =  (BERP  -  BEIP1  «  RT2 

MUL 10480 

762. 

IF  (X  .LT.  ZERO)  GO  TO  5 

MML 10490 

763. 

XKEI1  =  ( XKERP  ♦  XKEIPI  *  RTZ 

MIILI0500 

764. 

XKEP1  =  (XKERP  -  XKEIP)  <t  RT2 

MML 105 10 

765. 

GO  TO  9005 

I1ML1 0520 

766. 

c 

ARGUMENT  IS  NEGATIVE 

NML10530 

767. 

5 

XKERI  =  XINF 

MNL10540 

763. 

XKEII  =  XINF 

fttlLI  0550 

769. 

IER  =  34 

MMLI 0560 

770. 

GO  TO  9000 

MNL10570 

771  . 

10 

BE  1 1  =  ZERO 

MML 10580 

772. 

BERI  *  ZERO 

MMLI 0590 

773. 

' 

XKERI  =  ZERO 

mL10600 

774. 

XKEII  =  ZERO 

MML 1 06 1  0 

775. 

IER  =  129 

MMLI 0620 

776. 

IF  (X  .GT.  ZERO)  GO  TO  9000 

MMLI 0630 
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777. 

XKER1  =  XINF 

mil  0640 

773. 

XKEI1  =  XINF 

MML10650 

779. 

GO  TO  9000 

MML 10660 

730. 

c 

ARGUMENT  IS  0.0 

MML10670 

781 . 

f  5 

BE  II  =  ZERO 

MML 1 0680 

782. 

BER1  =  ZERO 

MML 1 0690 

783. 

XKER1  =  -XINF 

MML10700 

784. 

XKEII  =  -XINF 

HML10710 

785. 

GO  TO  9005 

MML 10 720 

736. 

9000 

CONTINUE 

MML10730 

787. 

CALL  UERTST1 IER.6HMMKEL1 > 

MML 10740 

783. 

9005 

RETURN 

MML 10750 

789. 

END 

MML10760 

739.1 

//GO.FT09F001  DO  DSN=WYL.X5. A95.0ATA,DISP=SHR 

790. 

/VG0.SYS1N  OD  » 

791  . 

RELATIVE  DAMAGE  IN  STORAGE  LOCATIONS 

792. 

10 

0.4  0.667  2.0 

793. 

30000000.  450.  0.499  0.30  1.1  0.9 

2.44 

5.4E-5 

793.1 

6 

.  0E-6  0.06 

793.2 

160.0 

8. 

793.21 

11 

793.22 

-60 

5.59 

793.23 

-40 

4.46 

793.24 

-20 

3.47 

793.25 

0 

2.59 

793.26 

20 

1  .81 

793.27 

40 

1.18 

793.28 

60 

0.48 

793.29 

80 

-0.08 

793.3 

too 

-0.59 

793.31 

120 

-1.16 

793.32 

140 

-1  .48 
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o.i 
0.15 
0.2 
0.25 
0.3 
0.35 
0.4 
0.41 
0.412 
0.414 
0.416 
0.418 
0.42 
0.45 
0.5 
0.55 
0.6 
1  . 

2. 

2.1 

2.2 

3. 

3.1 

4. 

4.1 

5. 


6. 

6.1 

7. 

a. 

9. 
10. 
11 . 
12. 
13. 


14. 

15. 

16. 
17. 


18. 

19. 


19.1 

19.2 

19.3 

19.4 

19.5 

19.51 

19.52 
19.525 

19.53 

19.54 

19.55 

19.56 

20. 

21  . 

22. 

23. 

25. 

26. 

27. 


//  JOB  <A95$X5, 516, 0.25, 10), ’GEORGE  DERBALXAN' 

/*JODPAPM  F0RMS=1481 
//  EXEC  FORTCLG 
//FORT.SVSIN  00  * 

C//  EXEC  UATFIV 
C//G0.SYSIN  00  * 

C1WATFIV 

C 

C  CAPTIVE. FLIGHT 
C  GEORGE  DERBALIAN 
C  APRIL  1981 

C  THIS  PROGRAM  COMPUTES  ROCKET  DAMAGE  DURING  CAPTIVE  FLIGHT 
C 

IMPLICIT  REAL*8!A-H,0-Z) 

COMMON  /GREGH/'W.WA 

COHMON/F AI L/AT , TEMP , DO , SU , SCR , XIO 

OIHENSION  1TP<  25 1 ,SHIFT( 25  > .TITLl 20 ) ,COF At  200 ) ,CDFO( 200 ) ,DMG(  100 1 
READ1 5,500 )  TITL 
WRITE! 6,600 )  TITL 

500  FORMAT! 20A4) 

600  FORMAT! '1',/20X,'««»  ',20A4,'  »»*• > 

READ! 5,551 )  ITIME ,SCFD ,SCFA,XKT 

IF  (XKT.EQ.O.OI  XKT=1 .0 

READ! 5,501 )  EC ,EP, PR.PRC.OIFF ,RI ,B,ALP, ALPC.H 

501  FORMAT! 8F1 0.5) 

WRITE! 6,601  )  EC. EP, PR, PRC, OIFF.RI.B, ALP, ALPC.H 

601  FORMAT(/IX, 'MODULUS  OF  CASING* ,F 15.2 . IX, ' PSI ', /IX, 

*  'MODULUS  OF  FROPELLANT  ' ,F15. 2, IX, ' PSI ' ,/1X, 

1  ' POISSON"S  RATIO  OF  PROPELLANT' ,F10. 4, /IX, 

2  * FOI5SON"S  RATIO  OF  CASE' .FI0.4./1X, 

3  'THERMAL  DIFFUSIVITY  OF  PROPELLANT  ' ,EI 2 .4, IX, ' IN»IN/HR' ,/1X, 

*  'INNER  RADIUS  OF  FROPELLANT* ,F1 0.4, IX, *  IN' ,/1X, 

4  'RADIUS  OF  PROPELLANT  ' ,F t0.4, IX, • IN' ,/IX, 

5  'COEFFICIENT  OF  THERMAL  EXPANSION  OF  PROPELLANT  ' . E 1 2 .4, IX, ' 1/F ' , 

6  /IX, 'COEFFICIENT  OF  THERMAL  EXPANSION  OF  CASE  ' ,E12.4 , IX, ' 1/F ' 

5  /IX, 'THICKNESS  OF  CASING' ,F I  0 .5, IX, ' IN' ) 

WRITE! 6,651 >  ITIME , SCFO , SCFA ,XKT 
651  FORMATI/1X, 'TOTAL  TIME=',I5, 

1  '  HRS' ,5X, 'DIURNAL  AMPLITUDE  SCALE*’ ,F10. 4, 5X, 'SEASONAL' , 

2  '  AMPLITUDE  SCALE* ' ,F t 0.4.5X, ’XKT  = • ,Ft 0 .2 ) 

551  F0RMATII5.3F10.3) 

RE  ADI  5,501 )  SU.SCR 
WRITE! 6 ,614 )  SU.SCR 

614  FCRMAK/1X,  'STRESS  REQUIRED  TO  CAUSE  FAILURE  IN  I  MIN' .E12.4.1X, 'P 
♦SI' ,5X, 'CRITICAL  STRESS  BELOU  WHICH  NO  FAILURES  OCCUR' .E12.4.1X, 

*  'PSI') 

READ! 5,551 )  NAT 

READ! 5, 552)  ( ITPI I ), SHIFT! I ) ,1=1 ,NAT ) 

552  FORMAT! I5,F 1 0 .2 ) 

WRITE16.6I0I 

610  FORMAT! /IX, 'TEMPERATURE  F'.5X, 'SHIFT  FACTOR') 

WRITE! 6,611  )  I ITP! I), SHIFT! 1 1,1  =  1 ,NAT) 

611  FORMAT! 3X, 15, 8X, FI  0.3) 

C  DEFINE  GLOBAL  CONSTANTS 

11  =  0.261799400 
WA=W/365.0 

CALL  CONST! RI ,B,H ,EP,PR, ALP,DIFF ,EC,PRC, ALPC ) 

C  INITIALIZE  RANDOM  NUMBER  GENERATING  VARIABLE  ISEED 
I5E £0=983145267 
C 
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26.  IR-0 

29.  77  IR=IR*1 

29.1  WRITE(6,658) 

29.2  658  FORMAT! '1 ' ) 

33.  REA.D!  5 ,551  » END =99)  IAMT.SO 

33.1  C  REFERENCE  STRESS  FREE  TEMPERATURE  75F 

34.  IAMT=IAHT-75 

35.  KRIT£!6,652I  IAMT.SD.IR 

36.  652  FORMAT! 15, IX, 'AVERAGE  ANNUAL  TEMPERATURE' ,5X, ’SD=' ,F10.2,5X, 

36.1  5  'LOCATION:' ,15) 

55.  C 

56.  DMG< IR  )=0 . 

57.  ATO=l . 000 

53.  XIO=0.0 

53.1  TAL=0.0 

53.2  TDL=0.0 

59.  C 

60.  DO  6  1=1 ,ITIME 

60.1  TIME=I 

61.  CALL  AMPL! SO.AMP, ISEED > 

62.  AMT = I AMT* AMP 

65.  CALL  TEMPER  ( TIME , AMT, TAL.TDL, TEMP) 

66.1  IF (TEMP *75.0 .GT.ITP1 1 ) )  GO  TO  10 

66.15  AT=SHIFT(1 )♦(  TEHP*75.0-ITP( 1 >  UMSHIFT!  2  l-SHIFT!  1 ) )/ 

66.2  $  (ITP(2)-ITP(1  )) 

66.25  GO  TO  11 

66.3  10  DO  12  11=2, NAT 

66. 3S  IF  (ITP(II).LT.TEHP*75. >  GO  TO  12 

66.4  AT=5HIFT( II— 1 )♦» TEMP*7S.0-ITPI II-1 1 )»( SHIFT! II )-SHIFTt It-1 ) \/ 

66.45  *  <ITP!II)-ITP(II-1>> 

66.5  GO  TO  11 

66.55  12  CONTINUE 

66.6  AT  =  SHIFT(NAT)  +  (TEHP*75.0-rrP(NAT))«I SHIFT! NAT  1-SHIFT! NAT-1  ) )/ 

66.65  *  (ITP(NAT)-ITP(NAT-D) 

66.7  It  AT=DEXP! 2. 30258500*AT ) 

67.  CALL  STRESS! TIME, AMT ,TAL,TDL,SH ) 

67.1  DD=0 . 

67.2  CC  WRITE! 6 ,640 )  I,SH 

67.3  CC640  FORMAT! IX, *  TIME3' , 15 ,5X» 'STRESS5 ' ,EI2 .5 ) 

67.4  SH=XKT»SH 

68.  CALL  DAMAGE! SHI 

69.  DMG(IR)=DD«OMG!IR> 

70.  ATO=AT 

70.1  K=I/1 00 

70.11  K=K«100 

70.12  K=I-K 

70.2  IF  (K.EQ.O)  WRITE(6,64l>  I ,DMG( IR ) .TEMP 

70.3  641  FORMAT! IX, 'TIME5' ,15, 5X, 1 DAMAGE  = ' , E 1 2 . 5 , 5X , 'TEMP5' , FI 0.2) 

71.  8  CONTINUE 

72.  C 

75.  GO  TO  77 

76.  COULD  USE  A  SORTING  ROUTINE  HERE 

76.01  99  IR=IR-1 

76.02  WRITE! 6 ,657 1 

76.03  657  FORMAT! '1', IX, 'RELATIVE  DAMAGE’) 

76.1  WRITE!6 ,656 )  ( I.DMG! I >,I  =  I ,IR) 

76.2  656  FORMAT! IX, ' LOCATION5' »I3,5X» 'DAMAGE5 ' , El 2 , 5 ) 

77.  STOP 

78.  END 

79.  C 
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>V  "I' ' 


i 

j 

! 


80. 

61  . 
82. 
82.1 

62.15 
62.2 
83. 
81. 1 
64. 
85. 
36. 

87. 

88. 

89, 

90. 

91  . 

92. 

93. 

93.1 

93.15 

93.2 

94. 

95. 
95.1 

96. 

97. 

98. 

99. 
100. 
100.1 
100.12 
100.14 
10C. 16 
100.18 
100.2 
100.22 
100.24 
100.26 
100.28 
ICO. 3 
100.32 
100.34 
100.36 
100.38 
100.4 
100.42 
100.44 
1 00.46 
100.48 
1  00.5 
101  . 
102. 
103. 

1  04. 

105. 

106. 
107. 
106. 

109. 

110. 


SUBROUTINE  RANSEA1 SCFA,CDFA,TAL,ISEEO ) 

IMPLICIT  REAL*S( A-H .0-2  > 

REAL«8  C0FA1200) 

REAl»4  X 

CALL  RAN0K1  I5EEO.X.O  1 

XX=X 

DO  4  1=1,200 
XI  =  I 

4  IF  (CDFA(I).GT.XX)  GO  TO  5 

5  TAL=<0.5*XI-0.5I«SCFA 
RETURN 

END 

C 

C*«*»«»*»»**»»«*«*«  »»***««««*»*»»«  *********»*»*»»****»«»« 

c 

SUBROUTINE  RAND ATI SCFO , CDFD ,TDL , ISEED  ) 

IMPLICIT  R£AL«8< A-H, 0-2) 

REAL«8  CDFD1200I 
REAL»4  X 

CALL  RAN0K1 ISEED ,X ,0 ) 

DO  6  1=1 ,200 

XX=X 

XI  =  I 

6  IF( CDFD1 1 1 .GT.XX 1  GO  TO  7 

7  TOL=SCFD*<0.5«XI-0.5> 

RETURN 

END 

C 

c 

SUCPOUTINE  AMPL1  SO, AMP, ISEED) 

IMPLICIT  REAL»8( A-H ,0-2 ) 

REAL«4  P 
A0=2. 30753 
A1=0. 27061 
61=0.99229 
B2=0. 04431 

CALL  RANDK1 ISEED, P,0 ) 

PP=1 ,0-P 

IF  ( PP.GT.O .5 )  GO  TO  1 
V=OSORT(OLOG(  1 ,/PP/P P)) 

AMP=< V-( A0*A1«V>/1 1 .0«B1»V*B2«V»V> )«S0 
RETURN 
1  PP=t.O-PP 

V=DSCRT<DLOG( 1 .O/PP/PP) ) 

AI!P=<  -V*(A0*A1«V)/’(  1  .0«B1»V«B2*V»V)  )*SD 
RETURN 
END 
C 

c 

SUBROUTINE  RANOK  (IT,  TFL,  INDEX) 

C 

C  THIS  IS  A  UNIFORM  RANDOM  NUMBER  GENERATOR  WRITTEN  BT  G.  E. 

C  FORSTTHE  IN  SPRING  1969,  FOLLOWING  D.  KNUTH.  THE  ART  OF  COMPUTER 
C  PROGRAMMING,  VOL.  2,  PP.  155-156.  IT  IS  MUCH  SUPERIOR  TO  RANOU. 
C  THE  RANDOM  HUMBER  GENERATOR  FOUND  IN  IBM’S  SCIENTIFIC  SUBROUTINE 
C  PACKAGE. 
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lit. 

L 

112. 

C 

BEFORE  THE  FIRST  CALL  OF  RANOK,  IY  SHOULD  BE  SET  OUTSIDE  RANDK 

113. 

c 

TO 

AN  ARBITRARY  INTEGER  VALUE.  (IN  MATFOR  THIS  IS  ESSENTIAL.) 

114. 

c 

FOR 

!  PROGRAM  CHECKOUT,  THE  INITIAL  VALUE  OF  IY  SIIOULO  BE  A  FIXED 

t  IS. 

c 

INTEGER.  FOR  RANDOM  NUMBERS  DIFFERENT  ON  EVERY  RUN  1  AND  HENCE 

116. 

c 

NOT  REFRODUCIBLE 1 >  DECLARE  INTEGER  CIOCKI  AND  THEN  INITIALIZE 

117. 

c 

IY 

TO  CL0CK114). 

118. 

c 

119. 

c 

IF  RANDK  IS  CALLED  WITH  AN  INTEGER  INDEX  =  1,  THEN  THE  OUTPUT 

120. 

c 

VALUE  OF  IY  IS  A  PSEUDORANDOM  INTEGER  UNIFORMLY  DISTRIBUTED  IN  THE 

121  . 

c 

RANGE  0  <=  IT  <  2«*3t. 

122. 

c 

123. 

c 

IF  RANOK  IS  CALLED  WITH  INDEX  =  0,  THEN  NOT  ONLY  IS  IY  PRODUCED 

124. 

c 

BUT  ALSO  (AT  SOME  EXTRA  COST  IN  TIME)  A  FLOATING  NUMBER  YFL,  UNI- 

125. 

c 

FORMLY  DISTRIBUTED  IN  THE  INTERVAL  0.0  <=  YFL  <  1.0. 

126. 

c 

127. 

IY  =  IY#31 41 59269  ♦  453806245 

12Q. 

4 

IF  (IY  .GE.  0)  GO  TO  6 

129. 

c 

no. 

c 

CAUTION!  THE  STATEMENT  LABEL  4  IS  ESSENTIAL  IN  ORDER  TO  PREVENT 

131  . 

c 

CERTAIN  COMPILERS  CE.G.,  FORTRAN  H  WITH  OPT  01  FROM  PERFORMING 

132. 

c 

UNWANTED  '‘OPTIMIZATIONS."  IT  SHOULD  NOT  BE  REMOVED. 

133. 

c 

134. 

5 

IY  =  IT  ♦  2147483647  ♦  1 

135. 

c 

STATEMENT  5  ADDS  2«»3I  TO  NEGATIVE  VALUES  OF  IY 

1  36. 

c 

137. 

6 

IF  (INDEX)  7,  7,  8 

133. 

c 

139. 

7 

YFL  s  IY 

140. 

YFL  *  YFL«.4656613E-9 

141  . 

c 

142. 

8 

RETURN 

143. 

END 

1  44 . 

c 

145. 

c 

* «* « * «« » « tf *¥ «»«« ««« # # # « # « « # # * ft « # « * « ««« M* # # 

146. 

c 

147. 

SUBROUTINE  DAMAGE! S ) 

148. 

IMPLICIT  REAL’S!  A-H.O-Z) 

149. 

COMMOM/F AI L/ AT , T EMP , DO , SU , SCR , XIO 

151  . 

IF  (S-SCR  .GT.  0.0)  GO  TO  1 

152. 

xio=o.o 

153. 

RETURN 

154. 

1 

CN=OLC310( S-SCR) 

155. 

BB=9.3D0 

157. 

XI  =  ((  S-SCR  l”EB1/AT 

158. 

DD=30 . ODO’I XI’XIO)/! SU-SCR )**BB 

159. 

XI0=XI 

160. 

RETURN 

161  . 

END 

162. 

c 

163. 

c 

1 6**  . 

c 

165. 

SUBROUTINE  TEMPER! T , AMT .TAL.TDL, TEMP ) 

166. 

IMPLICIT  REAL»8IA-H,0-Z> 

168. 

COMMON  /GREGT/  TCOSO .TSIND .TCOSY ,TSINY 

169. 

COMMON  /CREGM/  k'DAY  ,WYEAR 

1  70. 

WT  =  WTEAR  *  T 

171  . 

TEMP  =  TAL  »  1 TCOST ’DCOS 1 WT )  ♦  TSINY’DSINI WT ) ) 

172. 

WT  =  WDAY  *  T 

173. 

TEMP  =  TEMP  ♦  TQL’I  TCOSD’OCOSI  WT  MTSIND’DSINI  WT  )  ) 
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174. 

175. 

176. 

177. 

178. 
130. 
181 . 
182. 
133. 

184. 

185. 
166. 
187. 
183. 
139. 
190. 
191  . 

192. 

193. 

194. 

195. 

196. 

197. 
193. 

199. 

200. 
201  . 
202. 

203. 

204. 

205. 

206. 

207. 

208. 

209. 

210. 
211. 
212. 

213. 

214. 

215. 

216. 

217. 

218. 

219. 

220. 
221. 
222. 

223. 

224. 

225. 

226. 

227. 

228. 

229. 

230. 

231. 

232. 

233. 

234. 


TEMP  =  TEMP  ♦  AMT 

RETURN 

END 

SUBROUTINE  STRESS ( T . AMT , TAL , TO L , SH ) 

IMPLICIT  REAL*8< A-H.O-Z) 

COMMON  /GREGS/  SHCO ,SHSD ,SHCY .SHSY.SHCON 
COMMON  /GREGW/  WDAY. WYEAR 
NT  =  WYEAR  *  T 

SH  =  TAL  *  (SHCY*DCOS(UT)*SHSY«DSIN(WT)) 

NT  =  UDAY»T 

SH  =  SH  ♦  TOL«!SHCD*OCOS(WT)*SHSD*DSINIWT)> 

SH  =  SH  ♦  SHCON«AMT 
PETURN 
END 
C 

c  tHHHUH******************************************** 
c 

SUBROUTINE  CONST! RI ,RO,H,EP, VP, ALPiDIFF ,EC . VC , ALC ) 

IMPLICIT  REALMS  < A-H.O-Z > 

REAL«8  INTC.INTS 
COMPLEX* 1 6  BOA 

COMMON  /GREG/  PR.E ,F ,0E ,DF ,C,0 
COMMON  /GREGT/  TCOSD.TSIND.TCOSY.TSINY 
COMMON  /GREGS/  SHCO , SHSD .SHCY ,SHSY , SHCON 
COMMON  /GREGW/  WOAY, WYEAR 
I  =  1 

POAY  =  OSQRT! WDAY/OXFF ) 

PYEAR  =  OSQRT! UYEAR/DIFF ) 

P  =  PDAY 
10  PA  =  P  *  RI 

CALL  MMKEL1 ( PA ,BER ,BEI ,XKER ,XKEI ■ IER ) 

BOA  =  DCMPLX! BEI * -BER 1/DCMPLXC -XKEI ,XKER ) 

C  =  OREAL! BOA  1 
0  =  DIMAG! BOAJ 
PR  s  P  *  RO 
CALL  EANOF 
A  =  -F/(E*E»F*F 1 
B  =  E/(E»E*F«F1 

PR  =  PA 
CALL  EANDF 
TSINY  =  B*E  -  A»F 
TCOSY  =  A*E  ♦  B*F 
IF! I .EQ.2 )  GO  TO  20 
TSINO  =  TSINY 
TCOSD  =  TCOSY 
I  =  2 
P  =  PYEAR 
GO  TO  10 
20  I  s  1 
P  s  PDAY 

OENCM=( 1 ,00*VP1«(! 1.00-2. DO*VP)«RO*RO*RI«RI >/l R0«R0-RI»RI > 
C  ♦  < 1 .00-VC*VCI«RO*EP/IH»EC> 

30  PR  =  P  *  RO 
CALL  OEAOF 

Z1  =  2.00«EP»ALP»tl.DO*VP)»RO/(P»IRO»RO-RI«RI>) 

ZS  =  A«OE  ♦  B«OF 
ZC  =  A«OF  -  B«DE 

PS  =  <Z1«ZS  -  ALC«CI.OOAVCI«EP)/OENOM 
PC  =  Z1«ZC/0EN0M 

PCON  =  !(Z1«P*(RO-RI»/RO)-ALC«(1.DO*VC>»EP(/DENOM 
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235. 

Z 1  =  RO*RO/( RO*RO-RI#RI ) 

236. 

PC  =  PC  *  zt 

237. 

PS  =  PS  *  Z! 

233. 

PC ON  =  2 ,D0#Z1 #PCON 

239. 

Zt  =  ALP«EP*RO/(  P»(l  .DO-VP)MRO*RO-RI*RI  )> 

240. 

INTC  =  Z1*ZC 

241  . 

INTS  =  Z1*ZS 

242. 

INTCON  =  2.DO«ALP»EP/m.DO-VP>«<RO*RI>) 

243. 

PR  =  P  *  RI 

244. 

CALL  EANOF 

245. 

CALL  DEAOF 

246. 

Z1  =  ALP»EP/(P*(1.D0-VP)«RI) 

247. 

SHCY  =  Zt  »  (A«OF-B«DE> 

24a. 

SHSY  =  Zt  »  (A*DE  ♦  B«OF> 

249. 

Zt  =  ALP«EP/< 1 .DO-VP) 

250. 

SHCON  =  INTCOH  -  PCON  -  Zt 

251 . 

SHCY  =  SHCr  -  Z1«(A»E«B*F) 

252. 

SHCY  =  SHCY  ♦  ( INTC-PC  )**2  .DO 

253. 

SHSY  =  SHSY  -  Zt«(-A*F*B<iE) 

254. 

SHSY  =  SHSY  ♦  ( XNTS-PS>*2.00 

255. 

IF C I.EQ.2 )  RETURN 

256. 

1  =  2 

257. 

P  =  PYEAR 

253. 

SHCD  =  SHCY 

259. 

SHSD  =  SHSY 

260. 

GO  TO  30 

262. 

END 

263. 

c 

264. 

c 

II 

265. 

c 

266. 

SUBROUTINE  EANDF 

267. 

IMPLICIT  REALMS  (A-H, O-Zi 

268. 

COMMON  /GREG/  PR.E .F ,DE .OF ,C,D 

269. 

CALL  MMKELOt  PR.BER .BE I .XKER .XKE1 >IER  • 

270. 

E  =  BER  ♦  C»XKER--  0«XKEI 

271  . 

F  =  BEI  ♦  C«XKEI  ♦  0*XKER 

272. 

RETURN 

273. 

END 

274. 

SUBROUTINE  OEAOF 

275. 

IMPLICIT  REALMS  (A-H.O-Z) 

276. 

COMNON  /GREG/  PR , E , F ,DE ,0F ,C »0 

277. 

CALL  MMKELOt PR.BER, BEI. XKER, XKEI.IER) 

278. 

OE  =  BER  ♦  C*XKER  -  D*XKEI 

2  79. 

OF  =  BEI  ♦  C«XKEI  ♦  D«XKER 

280. 

RETURN 

281  . 

END 

2S2. 

c 

SUBROUTINE  MMKELO  ( X. BER , BE 7 .XKER ,XKEI ,IER ( 

NML00010 

283. 

c 

MML00020 

2C5. 

c 

MML00040 

2S6 . 

c 

FUNCTION  -  EVALUATE  THE  KELVIN  FUNCTIONS  BER, BEI .KER  AND 

MML00050 

237. 

c 

KEI  OF  ORDER  ZERO 

MML00060 

288. 

c 

USAGE  -  CALL  MMKELOIX, BER, BEI, XKER, XKEI.IERI 

MML00070 

289. 

c 

PARAMETERS  X  -  INPUT  ARGUMENT.  IF  X  IS  NEGATIVE,  A  WARNING 

HML00080 

290. 

c 

ERROR  IS  PRODUCED  AND  VALUES  OF  POSITIVE 

MML00090 

291  . 

c 

MACHINE  INFINITY  WILL  BE  RETURNED  FOR  XKER 

MMLOOtOO 

292. 

c 

AMO  XKEI. 

MMLOOtIO 

293. 

c 

BER  -  OUTPUT  ARGUMENT 

MML00I20 

294. 

c 

BEI  -  OUTPUT  ARGUMENT 

MMLOOtIO 

295. 

c 

XKER  -  OUTPUT  ARGUMENT  RETURNED  ONLY  WHEN  X  IS 

MML00140 
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296. 

297 . 
2*3. 

299. 

300. 

301  . 

302. 

303. 

30*4 . 

305. 

306 . 

307. 
303. 

309. 

310. 

31  1  . 
312. 

3*  3. 
314. 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

XKEI 

IER 

PRECISION 

REQO .  IHSL  ROUTINES 
LANGUAGE 

POSITIVE. 

-  OUTPUT  ARGUMENT  RETURNED  ONLY  WHEN  X  IS 

POSITIVE. 

-  ERROR  PARAMETER 

TERMINAL  ERROR  =  126‘N. 

N  =  1  INDICATES  THAT  THE  ABSOLUTE  VALUE  OF 

X  WAS  GREATER  THAN  119.  BER  AND  BEI  ARE 
SET  TO  ZERO.  IF  X  IS  NON-NEGATIVE  ,  XKER 
AND  XKEI  ARE  ALSO  SET  TO  ZERO.  OTHERWISE, 
XKER  AND  XKEI  ARE  SET  TO  POSITIVE  MACHINE 
INFINITY. 

WARNING  ERROR  =  32  ♦  N 

N  =  2  INDICATES  THAT  X  IS  NEGATIVE. 

XKER  AND  XKEI  WILL  BE  RETURNED  AS 

POSITIVE  MACHINE  INFINITY. 

-  D0U3LE 

-  UERTST 

-  FORTRAN 

MHL00150 
MMLOQ 160 
MML00170 
MMLOQ 1 80 
MMLOQ 190 
MML00200 
MML00210 
MMl 00220 
MML00230 
MML00240 
MML00250 
MML00260 
MMl 00270 
MML00260 
MML00290 
MMl P0300 
MMLC031 0 
MML00320 

315. 

c 

LATEST  REVISION 

-  AFRIL  30,1975 

MML00340 

316. 

c 

MML00350 

31  7. 

SUBROUTINE 

MMKELO 

( X, BER, BEI, XKER, XKEI, I ER) 

MML 00 360 

31S. 

c 

NML00370 

3*9. 

DIMENSION 

C1(91,C2(9),C3(9),C4(9),E119),E2I9> 

MML00380 

320. 

DOUBLE  PRECISION 

Cl ,C2 ,C3  »C4 ,E 1 ,E2,PIOS»RT2,XINF, 

MML00390 

321  . 

PI , EUL , TEN, ZERO, HALF ,ONE ,ARG,BER,BEI»B1 ,B2,B3. 

MML00400 

322. 

* 

B4 ,CON,DC,OCM,DE ,DS .DSM.DSQ . PI02  »R1 ,R2,S,SM,T, 

MMl 0041 0 

323. 

« 

TM , TWOPI »X,XKER,XKEI,Z,ZI,ZIM,ZSQ,Z4» ZMAX 

MML00420 

324. 

c 

MML00430 

325. 

c 

COEFFICIENTS  FOR  EVALUATION  OF 

MML  00440 

326. 

c 

BER-SUB-ZER01X)  FOR  X  GREATER  THAN 

MML 004 50 

327. 

c 

0.  AND  LESS  THAN  OR  EQUAL  TO  10. 

MML00*.60 

323. 

c 

MML00470 

329. 

DATA 

C111  1/5. 16070465D-5/»Cl .  .  '-4.8987I25727D-3/ 

MML00480 

330. 

DATA 

CM3 )/. 25977730  DO  7D0/,CM4)/-7. 2422567278207D0/MML00490 

331  . 

DATA 

Cl ( 5 1/93,6596692971 726D0/ 

MML00500 

332. 

DATA 

Cl  1 6 1/-470 . 950279568996300/ 

MML0051 0 

333. 

DATA 

Cl ( 71/678. 16S402 7663091  DO/ 

MML00520 

339. 

DATA 

CHQ1/-156.249999999570ID0/ 

MML00530 

335. 

DATA 

Cl ( 9)/. 9999999999974D0/ 

MML00540 

336. 

c 

MML00550 

337. 

c 

COEFFICIENTS  FOR  EVALUATION  OF 

MML00560 

333. 

c 

BE I -SUB- ZERO! X 1  FOR  X  GREATER  THAN  0 

.  MML  00570 

339. 

c 

AND  X  LESS  THAN  OR  EQUAL  TO  10. 

MML00530 

390. 

c 

MML00590 

341  . 

DATA 

C2( 1 1/4.491 3000D-6/.C21 2 >/-5. 4442431 750-4' 

MMl 006 00 

342. 

DATA 

C2<3)/3.84288282734D-2/ 

MML006 1 0 

343. 

DATA 

C2C41/-1 .496334274974200/ 

MML00620 

344. 

DATA 

C2( 5  1/28. 9690333786499D0/ 

MML00630 

345. 

OATA 

C2( 6  1/-240 . 2807549442574D0/ 

MML00640 

346. 

DATA 

C2<  71/673. 168402776980700/ 

MML00650 

347. 

DATA 

C2< 81/ -4 34. 0277777777s 7 900/ 

MML00660 

343. 

DATA 

C2<  9 1/24 . 99999 99 999996D0/ 

MML 006 70 

349. 

c 

MML00680 

350. 

c 

COEFFICIENTS  FOR  EVALUATION  OF 

MMl 006 90 

351  . 

c 

KE I -SUB-ZERO! X )  FOR  X  GREATER  THAN 

MMl 00700 

352. 

c 

OR  EQUAL  TO  ZERO  AND  X  LESS  THAN  OR 

MML00710 

353. 

c 

EQUAL  TO  10. 

MML00720 

354. 

c 

MML00730 

355. 

OATA 

C3<  1  1/!  .5436  30470-5/, C3I2  1/-1 .80647778600-3/ 

MML00740 
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356. 

DATA 

C3<  3)/.  1 2220873821 92D0/ 

MML00750 

357. 

DATA 

C3(4)/-4.5187459I32639D0/ 

MML00760 

355. 

DATA 

C3f 51/81 .952477160620000/ 

HNL00770 

359. 

DATA 

C3161/-623. 01  3671 7405201  DO/ 

MML00780 

360. 

DATA 

C3I  7  >/1 548. 48451 96730992DO/ 

MML00790 

361 . 

OATA 

C3(8)/-795.71 7592592436600/ 

NMLOOSOO 

362. 

DATA 

C3<  9)/24 . 999999999999300/ 

MML00810 

363. 

C 

MHL00820 

364. 

C 

COEFFICIENTS  FOR  EVALUATION  OF 

MML00830 

365. 

C 

KER-SUB-ZERO(X)  FOR  X  GREATER  THAN  ORMML00840 

366. 

C 

EQUAL  TO  ZERO  AND  X  LESS  THAN  OR 

NML00850 

367. 

c 

EQUAL  TO  TEN 

MNL00860 

363. 

c 

MML00870 

369. 

DATA 

C4< 1 >/1 .2161 109D-6/.C41 2 >/-l .7976279860-4/ 

MML00830 

370. 

DATA 

C4( 31/1 .593301497050-2/ 

MML00890 

371 . 

DATA 

C4( 4)/-. 806 152902 787600/ 

MML00900 

372. 

DATA 

C41 5 1/21 .212345166023100/ 

HML00910 

373. 

DATA 

C4< 6 1/-255. 0971 74271 047900/ 

MML00920 

374. 

DATA 

C4( 7 )/i 153.828185281456100/ 

MML00o30 

375. 

OATA 

C4( 8  1/-141 2.8508391 2036 36D0/ 

MUL00940 

376. 

DATA 

C4( 9 1/234 . 375D0/ 

MUL00950 

377. 

c 

MNL00960 

378. 

c 

COEFFICIENTS  FOR  EVALUATION  OF 

MML00970 

379. 

c 

AUXILIARY  FUNCTIONS  FOR  X  GREATER 

HML00980 

330. 

c 

THAN  10. 

MML00990 

381  . 

c 

MM  L  0 1 000 

332. 

DATA 

El ( 1 1/4.92D-8/.E1 1 2 1/1  .452D-7/.E1 1 3  1/1 .350-8/ 

MHL01010 

333. 

DATA 

EK41/-1  .6192D-6/.E1I51/-1 .122070-5, 

MML01020 

334. 

DATA 

E1(61/-5.178690-5/,E1(7)/7.0D-10/ 

MML01030 

335. 

DATA 

El ( 8 1/8.6388346D-3/.E 1 1 91/1 .000/ 

MML01040 

336. 

DATA 

E2(  1  1/-2 . 430-8/. E2I 2 1/7.5D-8/.E2I  31/5.929D-7/ 

MML01050 

337. 

DATA 

E2I41/1 . 6431D-6/.E2I  51/-7.2D-9/ 

MML01060 

338. 

DATA 

E  2  < 6 1/-5. 18006D-5/.E21  7 1/-7. 031 241D-4/ 

MML01070 

339. 

DATA 

E2(  8 I/-8 .83883400-3/ , E21 9  1/0  - 0D0/ 

MULOIOSO 

390. 

c 

1W1L01090 

391  . 

c 

miscellaneous  coustants 

MML01100 

392. 

c 

tIMLOl  110 

393. 

DATA 

PI02/1 . 5707963267943966D0/ 

MtIL0 1  120 

3r-4. 

OATA 

TWOPI/6 . 2831653071 79536D0/ 

MML0I130 

395. 

DATA 

PI08/. 392699081 6987241 5D0/ 

MMLOI 140 

356. 

DATA 

RT2/. 7071 0673 11 8654 752D0/ 

MNL0I150 

397. 

DATA 

XINF/Z7FFFFFFFFFFFFFFF/ 

MMLOI 160 

3«3. 

DATA 

PI/3. 14159265 35397932D0/ 

MIIL01 1  70 

349. 

DATA 

EUL/. 5772 15664901 53236D0/ 

MMLOI 180 

400. 

OATA 

TEN/ IO.D0/.ZERD/0. DO/ .HALF/. 5D0/, ONE/1 .DO/ 

MMLO1 190 

401  . 

DATA 

ZMAX/I 19. DO/ 

MML01200 

402. 

IER  =  0 

MMLOI 2 1 0 

403. 

Z  =  OADS1 X 1 

MML  01220 

404 . 

IF  (Z  . GT.  TEN  1 

GO  TO  15 

MMLOI 230 

405. 

IF  (Z  .EQ.  ZERO) 

GO  TO  10 

MMLOI 240 

406. 

c 

CALCULATION  OF  FUNCTIONS  FOR  ABSIX) 

MMLOI 250 

407. 

c 

LESS  THAN  10. 

MMLOI 260 

403. 

Z  =  Z/TEN 

MMLOI 270 

409. 

Z5Q  =  Z«Z 

MMLOI 280 

410. 

Z4  =  ZSQ«ZSQ 

MMLOI 290 

411  . 

61  =  CII1I 

MMLOI 300 

412. 

62  =  C2( 1 ) 

MMLOI 310 

413. 

B3  =  CI(  11 

MMLOI 320 

414. 

04  =  C4( 1 ) 

MMLOI 330 

415. 

DO  5  I  =  2.9 

MMLOI 340 
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416. 

81  =  B1 #Z4+C1 ( I ) 

MML01 350 

417. 

B2  =  B2#Z4*C2( I  ) 

MML01360 

418. 

B3  =  83*Z4  +  C3( I ) 

MML01370 

419. 

£4  =  B4*Z4*C4(I) 

MML01330 

420 . 

5  CONTINUE 

MML01390 

421  . 

BCR  =  B 1 

MML01400 

422. 

BEI  =  ZSQ*B2 

MHL01410 

423. 

IF  (X  .IT.  ZERO)  GO  TO  30 

MML01 420 

<♦24 . 

R1  =  Z$Q*B3 

MML01430 

425. 

R2  =  Z4*B4 

HML01440 

426. 

CON  =  ( DLOGt  X*HALF )*EUL ) 

MML01450 

427. 

XKEI  =  -PI02*HALF#BERMR1- 

■BEI»CON> 

MML01460 

428. 

XKER  =  PI02«HAIF*>BEI-<R2*BER*C0N1 

MHL01470 

429. 

GO  10  9005 

MM LO 1480 

430. 

c 

X 

EQUAL  0, 

.  DEFAULT  TO 

PROPER  VALUES 

MML01490 

431  . 

10  BER  =  ONE 

MML01500 

432. 

BEI  =  ZERO 

MML01 510 

433. 

XKEI  s  -HAIF*PI02 

MMl  01  520 

434. 

XKER  =  XINF 

MML01530 

435. 

GO  TO  <5005 

MML01540 

436. 

c 

X 

GREAlhR 

THAN  10.  CALCULATE 

MML01550 

437. 

c 

AUXILIARY 

FUNCTIONS 

MML01560 

433. 

15  IF  (Z  .GT.  ZHAX)  GO  TO  25 

MML01570 

439. 

ZI  =  TEN/Z 

MML01530 

440. 

ZIM  =  -ZI 

MML01590 

441  . 

S  :  E1( 1  ) 

MML01600 

442. 

SM  =  S 

MML01 61 0 

443 . 

T  =  E2<  1) 

MML01620 

s44 . 

Trt  =  T 

MML 01 630 

445. 

DO  20  I  =  2,9 

MML01640 

448 . 

5  =  S»ZI*E1  ( I ) 

MM  L  0 1 6  5  0 

447. 

T  =  T«ZI*E2(I) 

MML01660 

443. 

SM  =  SI1*ZIM*E1(  I ) 

MML01670 

449. 

TM  =  TM»ZIM*E2(I1 

MML01680 

450. 

20  CONTINUE 

MML01690 

451  . 

ARG  =  Z«PT2 

MM  L  0 1  7  0  0 

452. 

OS  =  0SIN1ARG-PI08) 

MML0I710 

453. 

DC  =  DCOSf ARG-PI03 1 

MI1L01720 

454. 

OSN  =  DSIN1 ARG*PI08 1 

MML01730 

455. 

DON  =  DCOS1 ARG*PI03 1 

MM101740 

458. 

DE  =  DEXP(ARG) 

MML01 750 

457. 

DSQ  =  0S3RT(TW0PI*Z) 

MML01760 

458. 

c 

CALCULATE 

THE  OESIRED 

FUNCTIONS 

MML01770 

459. 

BER  =  DE»(S«OC-T«DSt/DSO 

MML01780 

460. 

BEI  =  DE«(T*DC*S*DSI/'OSq 

MML01790 

461  . 

IF  (X  .LT.  ZER0 1  GO  TO  30 

MML01800 

462. 

XKEI  =  PI»( TM«DCM-SM*DSM )/( DE«D5Q ) 

MML0181 0 

463. 

XKER  .=  PI«(SM*DCM*TM*D3m/(0E«DSQ) 

MML01820 

464. 

GO  TO  9005 

MML01830 

465. 

c 

z 

TOO  LARGE. 

MML01840 

466 . 

25  BER  =  ZERO 

MMl 01050 

467. 

BEI  =  ZERO 

Mm  01860 

468. 

IER  =  129 

MML01870 

469. 

IF  <X  .LT.  ZERO)  GO  TO  15 

MML01880 

470. 

XKEI  =  ZERO 

MML 0 1890 

471  . 

XKER  =  ZERO 

MML 01 900 

472. 

GO  TO  9000 

MML01910 

473. 

c 

X 

LESS  THAN  0.  DEFAULT 

TO  PROPER 

MML01920 

474. 

c 

VALUES 

MML01930 

475. 

30  IER  =  34 

MML01940 
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476. 

35  XKEI  =  XINF 

MML01950 

477. 

XKER  =  XINF 

MHL01960 

478. 

IF  HER  .EQ.  0)  GO  TO  9005 

NMLOI970 

479. 

9000  CONTINUE 

MMLOI 980 

430. 

CALL  UERTST  I IE9 ,6Hht1KEL0 ) 

MML01990 

431. 

9005  RETURN 

MML02000 

482. 

END 

MML0201 0 

483. 

C 

SUDROUTINE  MMX ELD 

IX, BERP. BEIP, XKERP. XKEIP, IER1 

MMLL001 0 

4S4. 

C 

MMLL0020 

465. 

486. 

C 

MMLL0040 

437. 

c 

FUNCTION 

-  EVALUATE  THE  DERIVATIVES  OF  THE  KELVIN 

MMLL0050 

438. 

c 

FUNCTIONS  (BER,BEI,KER  AND  KEI)  OF  ORDER 

MMLL0060 

439. 

c 

ZERO. 

MMLL0070 

490. 

c 

USAGE 

-  CALL  HMKELDIX, BERP, BEIP, XKERP, XKEIP, IER) 

M1ILL0080 

491  . 

c 

PARAMETERS  X 

-  INPUT  ARGUMENT.  IF  X  IS  NEGATIVE,  A  WARNING 

MMLL0090 

492. 

c 

ERROR  IS  PROOUCED  AND  VALUES  OF  POSITIVE 

MMLL0100 

493. 

c 

MACHINE  INFINITE  WILL  BE  RETURNED  FOR  XKERP 

MMLIOIIO 

494. 

c 

AND  KEIP. 

MMLL0120 

495. 

c 

BERP 

-  OUTPUT  ARGUMENT 

MMLL0130 

496. 

c 

BE  IP 

-  OUTPUT  ARGUMENT 

MMLL0140 

497. 

c 

XKERP 

-  OUTPUT  ARGUMENT  RETURNED  ONLY  WHEN  X  IS 

MMLL0150 

493. 

c 

POSITIVE. 

MMLLOI60 

499. 

c 

XKEIP 

-  OUTPUT  ARGUMENT  RETURNED  ONLY  WHEN  X  IS 

MMLL0170 

500. 

c 

POSITIVE. 

MMLL0180 

501  . 

c 

IER 

-  ERROR  PARAMETER. 

MMLL0190 

502. 

c 

TERMINAL  ERROR  =  I28«N. 

MMLL0200 

503. 

c 

N  =  1  INDICATES  THAT  THE  ABSOLUTE  VALUE  OF 

MMLL021 0 

504. 

c 

X  WAS  GREATER  THAN  119.  BERP  AND  BEIP  ARE 

MMLL0220 

505. 

c 

SET  TO  ZERO.  IF  X  IS  NON-NEGATIVE,  XKERP 

MHLL0230 

506. 

c 

AND  XKEIP  ARE  ALSO  SET  TO  ZERO.  OTHERWISE 

.MMLL0240 

507. 

c 

XKERP  AND  XKEIP  ARE  SET  TO  POSITIVE 

MMLL0250 

508. 

c 

MACHINE  INFINITY. 

MMLL0260 

509. 

c 

WARNING  ERROR  =  32*N. 

MMLL0270 

510. 

c 

N  =  2  INDICATES  THAT  X  IS  NEGATIVE. 

MMLL0280 

511. 

c 

XKERP  AND  XKEIP  HILL  BE  RETURNED  AS 

MMLL0290 

512. 

c 

POSITIVE  MACHINE  INFINITY. 

MMLL0300 

513. 

c 

PRECISION 

-  DOUBLE 

MMLL0310 

514. 

c 

REQD.  IMSL  ROUTINES 

-  MMKELO .UERTST 

MMLL0320 

515. 

c 

LANGUAGE 

-  FORTRAN 

MMLL0330 

517. 

c 

LATEST  REVISION 

-  SEPTEMBER  22,1976 

MMLL0350 

513. 

c 

MMLL0360 

519. 

SUBROUTINE  MMXELD1 X, BERP. BEIP, XKERP. XKEIP, IER ) 

MMLL0370 

520. 

c 

MMLL0330 

521. 

DIMENSION 

0t(9),02(9),D3l9»,D4t9),E319),E4(9) 

M1ILL0390 

522. 

DOUBLE  PRECISION 

ARG,  BEI, BEIP. BER, BERP, Bt ,B2,B3,B4,vCN,DC.DCM, 

MMLL0400 

523. 

« 

0E,0S,0SM,0SQ,DI ,D2,D3,D4,EUL,E3,E4,PI,PI02, 

MMLL041 0 

524. 

« 

PI08.RT2 ,R1 P,R2P,TWOPI ,U,UM.V ,VM,X,XINF ,XKEI • 

M11LL0420 

525. 

« 

XKEIP, XKER, XKERP, Z,ZI,ZIM,ZSQ.Z3,Z4,ZMAX 

MMLL0430 

526. 

DOUBLE  PRECISION 

TEN, ZERO, HALF 

MMLL0440 

527. 

DATA 

TEN/10.00/,ZERO/0.00/»HALF/.500/ 

MULL 0450 

528. 

c 

MMLL0460 

529. 

c 

COEFFICIENTS  FOR  EVALUATION  OF  BERP- 

MMLL0470 

530. 

c 

SUB-ZER01 X 1  FOR  X  GREATER  THAN  «.  AN011MLL0460 

531  . 

c 

LESS  THAN  OR  EQUAL  TO  10. 

MMLL0490 

532. 

c 

MMLL0500 

533. 

DATA 

Dill  >/-1 .25060460-6/, D1(2>/1 .7014534510-4/ 

MMLL05IO 

534. 

DATA 

Dll  J1/-1 .372460361900-2/ 

MHLL0520 

535. 

DATA 

01 1 4 1/.6234726348243D0/ 

MMLL0530 
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536. 

DATA 

011517-14.484516949840300/ 

W1LL0540 

537. 

OATA 

01161/150.1 75471843227800/ 

NMLL0550 

533. 

DATA 

01 1  7 1/-565. 140335647940600/ 

HMLL0560 

539. 

OATA 

01(81/542. 5347222222 147D0/ 

MHLL0570 

540. 

OATA 

01(9)7-62.499999999999900/ 

NHL10580 

541  . 

C 

W1LL0590 

542 . 

C 

COEFFICIENTS  FOR  EVALUATION  OF  BEIP- 

MHLL0600 

543. 

C 

SUO-ZEROtX)  FOR  X  GREATER  THAN  0. 

WUL0610 

544. 

C 

AND  LESS  THAN  OR  EQUAL  TO  10. 

MMLL0620 

545. 

c 

HNLL0630 

546. 

OATA 

021 1 )/» . 522698840-5/ ,021 2  >/-1 .6331 1008370-3/ 

MMLL0640 

547. 

OATA 

021 31/9. 99147064932D-2/ 

MMLL0650 

548. 

DATA 

021 4 1/-3. 291 93521 085 7900/ 

(1MLL0660 

549. 

OATA 

02 < 5  >/52 . 1 44260897590500/ 

MMLL0670 

550. 

DATA 

02(6)7-336.393056902365100/ 

NMLL0680 

551  . 

DATA 

02(71/676. 168402774 7539D0/ 

N11LL0690 

552. 

OATA 

02(8)7-260.416666666553300/ 

HMLL0700 

553. 

OATA 

D2( 9)/4. 999999999999300/ 

HNLL07IO 

5S4. 

c 

HMLL0720 

555. 

c 

COEFFICIENTS  FOR  EVALUTION  OF  KEIP- 

HULLO 730 

556. 

c 

SUB-ZEROIX)  FOR  X  GREATER  THAN  0. 

W1LL0740 

557. 

c 

AND  LESS  THAN  OR  EQUAL  TO  10. 

NMLL0750 

553. 

c 

MMLL0760 

559. 

DATA 

031 1>/5. 232943140-5/ 

MMLL0770 

560. 

OATA 

03(2)7-5.41685584080-3/ 

N11LL0780 

561. 

DATA 

D31 3)/. 31 7741843468600/ 

HMLL0790 

552. 

OATA 

03(4 1/-9. 941 240320972500/ 

MMLL0800 

563. 

DATA 

D3( 5 1/1 47 . 51 4453591 333700/ 

MMLL0810 

564. 

DATA 

031 6 i/-872 . 2 1 91 40367245500/ 

MHLL0820 

565. 

OATA 

031 7)/IS48. 484519665203500/ 

MMLL0830 

566. 

DATA 

03(8 1/-477 .430555555153600/ 

WILL0840 

567. 

OATA 

03(91/4. 9999999999975D0/ 

W1LL085D 

568. 

c 

HMLL0860 

569. 

c 

COEFFICIENTS  FOR  EVALUATION  OF  KERP- 

HMLL0870 

570. 

c 

5U3-ZER0t  X )  FOR  X  GREATER  THAN  OR 

M11LL0880 

571  . 

c 

EQUAL  TO  0.  ANO  LESS  THAN  OR  EQUAL 

MHLL0090 

572. 

c 

TO  10. 

HMLL0900 

573. 

c 

HMLL09I0 

574. 

OATA 

04( 1 )/4. 36820530-6/, 04( 2 )/-5. 7520422830-4/ 

W1LLD920 

575. 

OATA 

041 3 1/4.462638621450-2/ 

HHLL0930 

576. 

OATA 

04 ( 4 )/- 1 . 934766 922 92 3700/ 

HHLL0940 

577. 

OATA 

041 5 1/42 . 42469031 31 08800/ 

MMLL0950 

573. 

DATA 

04(6 1/-408. 1554783C92576D0/ 

H1ILL0960 

579. 

OATA 

D4( 7)71384.593822337245200/ 

HMLL0970 

580. 

OATA 

04(8)7-1130.280671296269400/ 

MMLL0980 

531. 

DATA 

041 9 1/93 . 749999999999800/ 

MMLL0990 

532. 

c 

MMLL1000 

533. 

c 

M11LL1010 

534. 

c 

COEFFICIENTS  FOR  EVALUTION  OF 

WILLI  020 

535. 

c 

AUXILIARY  FUNCTIONS  FOR  X  GREATER 

WILLI  030 

536. 

c 

THAN  10, 

WILLI  040 

587. 

c 

WILL  1050 

538. 

OATA 

E311  )/-5. 630-8/, E31 2 1/-1. 6710-7/ 

mil  1060 

539. 

OATA 

E313I/-1  . 470-8/, E3(4  1/1  .97800-6/ 

muio70 

590. 

OATA 

E31 5 1/1. 442550-5/, E3< 6 1/7.250240-5/ 

WILLI  030 

591. 

DATA 

E  31  7 1/-6. CD-I  0/ ,E31 6 )/-2 . 651650400-*/ 

WILLI  090 

592. 

OATA 

E3I9)/1 .000/ 

WILLI  100 

593. 

OATA 

E4( 1  1/-2. 690-8/, E41 2  )/-6. 830-6/ 

WILL1 110 

594. 

OATA 

241 3I/-6. 9920-7/ , E4I 4 )/-2 . 00420-6/ 

WILLI  120 

595. 

OATA 

E4( 5 1/7. 90-9/, E4(6 1/7. 251 790-5/ 

WILL1 130 
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596. 

DATA 

E4( 7 )/1 . 1 71 37400-3/, E41 3 )/2 .651 650340-k/ 

MMLLI 140 

597. 

DATA 

£4(91/0.000/ 

MMLL1150 

593. 

C 

HNLL1160 

599. 

C 

MISCELLANEOUS  CONSTANTS 

MNLL1170 

600. 

C 

HNLL1160 

601. 

DATA 

PI02/I .570796326794696600/ 

MNLL1 1 90 

602. 

DATA 

TWOPI/6 . 2631 653071 7953600/ 

MMLL1200 

603. 

DATA 

PIOS/O . 392699061 698724 1 500/ 

MNLL1210 

604. 

DATA 

RT2/0. 707106761 1665475200/ 

MNLL1 220 

605. 

DATA 

XINF/Z7FFFFFFFFFFFFFFF/ 

MNLLI230 

606. 

DATA 

PI/3. 1 41 5926535897932D0/ 

MNLL1240 

607. 

DATA 

EUL/0 .57721 566490 1 5328600/ 

MMLL12S0 

603. 

DATA 

ZMAX/II9.00/ 

191LL1 260 

609. 

IER  =  0 

MMLLI 270 

610. 

CALL  MMKELO(X,BER 

.BEI.XKER.XKEI.IER) 

MHLL1 280 

611. 

Z  =  DABS! X ) 

MMLL1290 

612. 

IF  (Z  .GT.  TEN)  60  TO  1$ 

MNLL1300 

613. 

IF  (Z  .EQ.  ZERO) 

GO  TO  10 

M11U13I0 

614. 

C 

CALCULATION  OF  FUNCTIONS  FOR  ABS(X) 

MMLLI320 

615. 

C 

LESS  THAN  10. 

MULL 1330 

616. 

Z  s  Z/TEN 

MNLL1340 

617. 

ZS<J  *  Z«Z 

MMLLI 350 

618. 

Z3  *  ZSQ«Z 

MMLL1360 

619. 

Z4  s  ZSQOZSQ 

MMLLI 370 

620. 

B1  =  01(1) 

MMLLI 380 

621 . 

D2  *  02(1) 

MIILL1 390 

622. 

BS  =  03(1  ) 

MMLL1400 

623. 

B4  =  04(1) 

MMLL1410 

624. 

00  5  1  =  2,9 

MMLLI 420 

625. 

Bl  s  B1»Z4*01tll 

MMLL1430 

626. 

62  s  B2*Z4,02( I I 

MMLLI 440 

627. 

B3  =  B3»Z4*D3(I) 

MMLLI450 

623. 

B4  =  B4«Z4<04(I) 

MMLL1460 

629. 

5  CONTINUE 

MMLL1470 

630. 

eERR  =  B1»Z3 

MMLLI480 

631. 

BEIP  *  Z«B2 

MMLL1490 

632. 

IF  (  X  .LT.  ZERO) 

GO  TO  30 

MMLL1500 

633. 

RIP  =  Z«B3 

MNLL1510 

634. 

R2P  *  Z3«D4 

MULL 1520 

635. 

CON  S  (OLOG(X«HALFI  ♦  EUU 

MNLLI530 

636. 

V  *  DABS1X) 

MMILI540 

637. 

XKEIP  =  -PI02«HALF*BERPMR1P-BEIP*C0N-BEI/V) 

MMLLI 550 

633. 

XKERP  =  PI02«HALF»BEIP-(R2P*BERP»C0N«BER/V) 

MMLLI 560 

639. 

GO  TO  9005 

MMLLI 570 

640. 

C 

X  EQUAL  TO  0.  DEFAULT  TO  PROPER 

MMLLI 530 

641. 

C 

VALUES 

MMLLI 590 

642. 

10  BERP  =  ZERO 

MMLL16P0 

643. 

BEIP  ®  ZERO 

MMLL1610 

644. 

XKEIP  =  ZERO 

MMLLI620 

645. 

XKERP  =  -XDIF 

MMLL1630 

646. 

GO  TO  9005 

MMLLI640 

647. 

C 

X  GREAT!*  ).  CALCULATE 

MMLLI 650 

648. 

C 

AUXILIARY  FUNC....(S 

MMLL1660 

649. 

15  IF  (Z  .GT.  ZMAX) 

GO  TO  25 

MMLLI 670 

650. 

ZI  =  TEN/Z 

MMLLI 660 

651. 

zim  =  -ZI 

MMLL1690 

652. 

U  =  E3(1) 

MMLII700 

653. 

UM  =  U 

MMLLI 71 0 

654. 

V  =  E411) 

MMLLI 720 

655. 

VN  =  V 

MMLLI 730 
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656. 

00  20  I  =  2.9 

MMLLI 740 

657. 

U  =  U»ZI«E3(I) 

MMLL1750 

659. 

V  =  V*ZI«E4(I> 

MMLLI 760 

659. 

um  =  um«zim»e3(I) 

MMLLI 770 

660. 

VM  r  VM»ZIM»E4(I) 

MMLLI 780 

661 . 

20  CONTINUE 

MMLLI 790 

662. 

ARG  *  Z«RT2 

HMLH800 

663. 

DS  =  DSINI ARG-PI08) 

MHLL1810 

664. 

DC  =  DC05IARG-PI09) 

MMLLI820 

665. 

DSN  =  0SIN(ARG*PI03) 

MMLLI 830 

666. 

DCM  =  DCOSf  ARG*PI08 1 

MMLLI 840 

667. 

OE  *  DEXP(ARG) 

MMLLI 850 

669. 

DSQ  =  DSQRTITWOPI*Z) 

MMLLI 860 

659. 

C 

CALCULATE  THE 

1ESIRE0  FUNCTIONS 

MMLLI870 

670. 

BERP  =  OE»(U»DCM-V«DSMI/DSQ 

MMLL1680 

671 . 

BEIP  =  0£*(V»0CN*U«DSM)/'0SQ 

MMLL1890 

672. 

IF  (X  .LT.  ZERO)  GO  TO  30 

MMLLI 900 

673. 

XKEIP  =  -PI«<VM«DC-UM»DS)/'<DE«DSq) 

MMLLI 910 

674. 

XKERP  =  -PI»<UM«DC*VM«DS)/(DE«DSq) 

MMLLI 920 

675. 

GO  TO  9005 

MMLLI 930 

676. 

C 

Z  TOO  LARGE. 

MMLLI 940 

677. 

25  BERP  =  ZERO 

MMLLI 950 

679. 

BEIP  =  ZERO 

MMLLI 960 

679. 

IER  =  129 

MMLLI 970 

690. 

IF  (X  .LT.  ZERO)  GO  TO  35 

MMLLI 980 

651 . 

XKEIP  =  ZERO 

MMLLI 990 

692. 

XKERP  =  ZERO 

MMLL2000 

683. 

GO  TO  9000 

MMLL2010 

634. 

C 

X  LESS  THAN  0. 

DEFAULT  TO  PROPER 

MMLL2020 

685. 

c 

VALUES 

MMLL2030 

686. 

30  IER  s  34 

MMLL2040 

687. 

BERP  =  -BERP 

MMLL2050 

633. 

BEIP  *  -BEIP 

MMLL2060 

639. 

35  XKERP  =  XINF 

MMH2070 

690. 

XKEIP  =  XINF 

MMLL2080 

691. 

IF  (IER  .EQ.  0)  GO  TO  9005 

M1ILL2090 

692. 

9000  CONTINUE 

MMLL2100 

693. 

CALL  UERTST(IEP.6HMMKELD> 

MMLL2II0 

694. 

9005  RETURN 

MMLL2120 

695. 

END 

MMLL21 30 

696. 

C 

SUBROUTINE  UEPTST  HER. NAME) 

UERTOOIO 

697. 

c 

UERT0020 

w 

699. 

c 

UERT0040 

700. 

c 

FUNCTION  -  ERROR  NESSAGE  GENERATION 

UCRT0050 

701. 

c 

USAGE  -  CALL  UERTSTI IER, NAME) 

UERT0060 

702. 

c 

PARAMETERS  IER  -  ERROR  PARAMETER.  TYPE  ♦ 

N  WHERE 

UERT0070 

703. 

c 

TYPE1  128  IMPLIES  TERMINAL  ERROR 

UERT0080 

704. 

c 

64  IMPLIES  WARNING 

WITH 

FIX 

UERT0090 

705. 

c 

32  IMPLIES  WARNING 

UERT0100 

706. 

c 

N  -  ERROR  CODE  RELEVANT 

TO  CALLING  ROUTINEUERTOI 10 

707. 

c 

NAME  -  INPUT  VECTOR  CONTAINING 

THE 

NAME 

OF  THE 

UERT0120 

703. 

c 

CALLING  ROUTINE  AS  A 

SIX  CHARACTER  LITERAL 

UERT01 30 

709. 

c 

STRING. 

UERT0140 

710. 

c 

LANGUAGE  -  FORTRAN 

UERT0150 

712. 

c 

LATEST  REVISION  -  JANUARY  18.  1974 

UERT01 70 

713. 

c 

UERT0I80 

714. 

SUBROUTINE  UERTSTt IER . NAME ) 

UERT0I9O 

715. 

c 

UERT0200 
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716. 

DIMENSION 

ITTP(5,4),IBIT(4) 

UERT0210 

717. 

INTEGERS 

NAME! 3) 

UERT0220 

718. 

INTEGER 

WARN, WARF, TERM, FRINTR 

UERT0230 

719. 

EQUIVALENCE 

( IBIT1 1  )  .WARN ) , < IBIT1 2 ) .WARF ),( IBIT1 31 .TERM) 

UERT0240 

720. 

DATA  ITYP 

/ ' WARN * , * ING  •,*  ’, 

UERT0250 

721 . 

« 

•WARN' .‘ING( ■, ‘WITH1 ,’  FIX*.1)  •, 

UERT0260 

722. 

« 

•TERM1 , ‘INAL1 ,*  *,■  *, 

UERT0270 

723. 

• 

'NON  -  *,'DEFI','NEO  >,•  •,•  V, 

UERT0280 

724. 

*  IBIT 

/  32.64,128,0/ 

UCRT0290 

725. 

OATA  PRINTR 

/  6/ 

UERT0300 

726. 

IER2=IER 

UERT03IO 

727. 

IF  (IER2  .GE. 

WARN)  GO  TO  5 

UERT0320 

725. 

C 

NON-DEFINED 

UERT0330 

729. 

IER1=4 

UERT0340 

730. 

GO  TO  20 

UERT0350 

731 . 

5 

IF  (IER2  .IT. 

TERM)  GO  TO  10 

UERT0360 

732. 

C 

TERMINAL 

UERT0370 

733. 

IER1 =3 

UERT0380 

734. 

GO  TO  20 

UERT0390 

735. 

10 

IF  ( IER2  .LT. 

WARF)  GO  TO  15 

UERT0400 

736. 

c 

WARNING! WITH  FIX) 

UERT0410 

737. 

I ER 1 =2 

UERT0420 

733. 

GO  TO  20 

UERT0430 

739. 

c 

WARNING 

UERT0440 

740. 

15 

IER1*1 

UERT0450 

741 . 

c 

EXTRACT  *N* 

UERT0460 

742. 

20 

IER2-IER2-IBIT! IER1 1 

UERT0470 

743. 

c 

PRINT  ERROR  MESSAGE 

UERT0430 

744. 

WRITE  (PRINTR 

25) 

( ITYP! I , IER1 ) , IS1 ,5) ,NAME , IER2.IER 

UERT0490 

745. 

25 

FORMAT! 1  »«* 

H 

S  l(UERTST)  »«*  1 ,5A4,4X,3A2.4X,I2, 

UERT0500 

746. 

•  '  ( IER  a  • 

13. 

*  )•  ) 

UERT051 0 

747. 

RETURN 

UERT0520 

743. 

END 

UERT0530 

749. 

SUBROUTINE  MNKEL1 

(X.BER1 , BEI1 , XKER1 .XKEI1 ,IER) 

MML10360 

750. 

c 

MML10370 

751  . 

00U3LE  PRECISION 

BER1 ,BEI1 ,BERP,BEIP,RT2,X,XINF ,XKEIP,XKEI1 , 

MML10330 

752. 

* 

XKERP.XKER1 .ZERO.ZMAX 

MML10390 

753. 

DATA 

XINF/Z7FFFFFFFFFFFFFFF/, ZERO/O. DO/ 

MML10400 

754. 

DATA 

RT2/0 . 7071 06781 1665475200/ 

NML10410 

755. 

DATA 

ZMAX/1 19.00/ 

MML10420 

755. 

1ER  =  0 

MML10430 

757. 

IF  (X  .EQ.  ZER0 1 

GO  TO  15 

MML 10440 

753. 

IF  (OABSIX)  .GT. 

ZMAX )  GO  TO  10 

MML 10450 

759. 

CALI  MtfKELOf  X*BERP»BEIPoXKERP»XKEIPf IER  ) 

MML 10, 60 

760. 

BEI1  =  <BERP*BEIP)  *RT2 

MML 10470 

761 . 

BER1  =  (BERP  - 

BEIP)  *  RT2 

MML 10480 

762. 

IF  (X  .LT.  ZERO) 

GO  TO  5 

MML 10490 

763. 

XKEI1  =  ( XKERP 

♦ 

XKEIP)  »  RT2 

MNL10500 

764. 

XKER1  =  (XKERP 

- 

XKEIP)  #  RT2 

MML 1 0510 

765. 

C-0  TO  9005 

NHL 10520 

766. 

C 

ARGUMENT  IS  NEGATIVE 

MML1 0530 

767. 

5  XKERI  =  XINF 

MML 10540 

763. 

XKEI1  =  XINF 

MML10550 

769. 

IER  =  34 

MML 10560 

770. 

GO  TO  9000 

MML10570 

771 . 

10  BEII  *  ZERO 

MML 10580 

772. 

BERt  =  ZERO 

MML 10590 

773. 

XKERI  =  ZERO 

MML  10600 

774. 

XKEI1  =  ZERO 

MML10610 

775. 

IER  =  129 

MML10620 

194 


NWC  TP  6305 


776. 

IF  (X  .6T.  ZERO)  60  TO  9000 

FHL10630 

777. 

XKER1  =  XINF 

NHL 10640 

778. 

XKEI1  *  XINF 

MNL10650 

779. 

60  TO  9000 

MhLI 0660 

780. 

C  ARGUMENT  IS  0.0 

MML10670 

781 . 

15  BED  a  ZERO 

MML1 0680 

782. 

6ERI  a  ZERO 

MhLI 0690 

783. 

XKER1  a  -XINF 

mu  0700 

734. 

XKEI1  a  -XINF 

mL10710 

785. 

GO  TO  9005 

MML10720 

786. 

9000  CONTINUE 

mu  0730 

787. 

CALL  UERTST1 IERi6HMMKELI t 

mu  0740 

788. 

9005  RETURN 

mL10750 

789. 

ENO 

HML10760 

790. 

//GO.SYSIN  00  • 

791 . 

Relative  Damage  During  Captive 

Flight 

792. 

1000  1.0  1.0  2.0 

793. 

30000000.  800.  0.499  0.30 

1.1  0.9 

2.44 

5.4E-5 

793.1 

6.0E-6  0.06 

793.2 

160.0  8.0 

793.21 

11 

793.22 

-60  5.59 

793.23 

-40  4.46 

793.24 

-20  3.47 

793.25 

0  2.59 

793.26 

20  1.81 

793.27 

40  1.18 

793.28 

60  0.48 

793.29 

80  -0.08 

793.3 

100  -0.59 

793.31 

120  -1.16 

793.32 

140  -1.48 

794. 

30  20.0 
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t.  //  JOB  1A953X5, 516.0. 25. 10). ‘GEORGE  OERBALIAN* 

J.  /V  EXEC  FORTCLG 

4.  //FORT.STSIN  00  » 

6.  C3WATFIV 

6.1  C 

6.2  C  MARKOV 

6.3  C  GEORGE  OERBALIAN 

6.4  C  APRIL  1931 

6.5  C  THIS  PROGRAM  DETERMINES  THE  CUMULATIVE  DAMAGE  IN  ROCKET  MOTORS 

6.6  C  BT  RANDOMLY  ALLOWING  THE  ROCKETS  TO  MOVE  FROM  ONE  LOCATION  TO  ANOTHER 

6.7  C 

7.  double  Precision  rloci too> 

8.  REAL«4  W  99 1 ,T<  f «0 ) ,P! 1 00 , 1 00 ) , PERIOD* 1 00 ), API  1 00  > 1 00 ) .ROCDAY1 1 00  I 

9.  REAO(IO)  ROCDAY 

10.  REAO(IO)  RLOC ,P, PER 100 , NIRL 

10.1  DO  33  1=1 tNIRL 

10.2  HRITE1 6  *616 1  I 

10.3  33  HRITE(6,6IS)  I J,P( I.J>,J=1 ,NIRL) 

10.4  615  F0RMAT(10(I3,F9. 6.IXII 

10.5  616  FORMAT) /IX, ‘ROW  NU1ffiER= ' , 13) 

10.6  URITE(6,6221 

10.7  622  FORMAT) IH1 , 'RELATIVE  PERIOO  IN  EACH  LOCATION') 

10.8  URITE)6.623)  ) I .PERIOO) I ) , 1  =  1 ,NIRL ) 

10.9  623  FOnMAT<'1X,IS,3X,E12.-S) 

11.  00  18  1=1 .NIRL 

12.  18  PERIOD) I )=P£RIOD( 1 1*24,0 

13.  C  RLOC  ROCKET  LOCATION  CODE 

14.  C  P  PROBABILITY  MATRIX 

15.  C  PERIOD  TIME  SPENT  IN  EACH  LOCATION 

16.  C  NIRL  NUMBER  OF  ROCKET  LOCATIONS  INCLUDING  CAPTIVE  FLIGHT 

17.  READ) 5.502  I  NR.MAXTIM 

18.  502  FORMAT) 2110 ) 

19.  REAO) 5.501 )  ID) I ) ,T) 1 1 ,1*1 ,NIRL ) 

20.  501  FORMAT) 2E10.4) 

20.1  WRITE)  6  .621  )  NR.MAXTIM 

20.2  621  FORMAT!  1H1 , ' LOCATION', 5X, 'DAMAGE ',4X,' PERIOO ' ,Z0X, 

20.3  1  'NO  ROCKETS=' .I5.5X, 'HAXTIME= ' ,15) 

20.4  WRITE) 6 .620  I  (I.D)I).T)I),I  =  1 ,NIRL ) 

20.5  620  FORMAT! 1X,I5,SX,E10.4,2X,E10.4) 

21  .  C 

22.  DO  11  1=1, NIRL 

23.  AP1I.1  )  =  P)  1 , 1  ) 

24.  OO  10  J=2 .NIRL 

25.  10  APII,JI  =  APII,J-1  )*P)I,J) 

26.  11  CONTINUE 

26.05  CC  00  20  1=1. NIRL 

26.1  CC  20  WRITE) 6,606 )  I  API  I , J 1 , Jr  1 .NIRL ) 

26.2  CC606  FORMAT) 1X.10F10.6) 

27.  NRL=NIRL-1 

28.  DO  12  1=1, NRL 

29.  IF  )P)I, NIRL). EQ. 1.0)  GO  TO  t2 

30.  DO  13  J=1 ,NRL 

31.  13  P!  I.  J  )=P)  I ,  J )/)  1 .0-P)  I , NIRL  ) ) 

32 .  12  CONTINUE 

33.  DO  14  1=1, NRL 

34.  DO  14  J=2,NRL 

35.  14  P)I.J)  =  P)I.J-1  )*P)I,J) 

36.  C 

37.  C=0. 

38.  00  15  1=1 .NIRL 
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59. 

40. 

41 . 
41.01 
41  .02 
41.05 

41.1 

42. 
45. 

45.1 

45.2 

44. 

45. 

46. 

47. 

48. 

49. 

50. 

50.1 

51. 

52. 

52.1 

52.2 
55. 

54. 

55. 

56. 

56.1 

57. 

57.1 

57.2 
57.5 
57.55 
57.57 

57.4 

57.5 

58. 

58.1 

59. 

59.1 

60. 

61 . 
62. 
65. 

64. 

65. 

65.1 

66. 

67. 

68. 

69. 

70. 

71  . 
72. 
75. 

74. 

75. 

76. 

76.1 

76.2 


15  C=ROCOAYin*C 
00  16  1=1  ,-NIRL 

16  ROCO AY! 1 )=ROCDAY( 1 1/C 
WRITE! 6  *602 1  C 

602  FORMAT! 1H1 , 'TOTAL  ROCKET  TIME  * ,E12.5,/1HI ,1X, *C0F  OF  INITIAL  ' 
♦•LOCATION' ) 

00  19  1=2 iNIRL 

19  ROCO AT! 1 1 =ROCDAY 1 1- 1 (♦ROCDATII) 

IS£ED=1 55792867 

WRIT£!6,6241  ( 1 > ROCO AT! I )  >1  =  1 >NIRL I 
624  FORMAT! 1X,I5,1X,F10.6) 

00  1  IR=I,NR 

COMPUTE  RANDOMLY  INITIAL  LOCATION 
5  1=0 

CALL  RANOK! ISEEDiXtO t 

17  1=1*1 

IF  < I.6T.NIRL)  STOP 
IF  IX.GT.ROCOAYI11)  GO  TO  17 
IF  II.EQ.NIRL)  GO  TO  5 
LO=I 


NLOC=0 

NCAP=0 

TIME=0.0 

DN3=0.0 

L=LO 

2  CALL  RANDOM! AP.NIRL. L.ISEED > 

IF  (L.EQ.OI  GO  TO  6 
IF  (L.NE.NIRL)  GO  TO  3 
TIME=TIME*PERIOO!L) 

DHS=0MG*0(  L IFPERIOOI  L  >/TI  L> 

WRITE! 8)  DMG , TIME ■ L i IR 
L=LO 

NCAP=NCAP*  1 

IF  ( TIME  .GT.MAXTIM )  GO  TO  A 
GO  TO  2 

6  DMG=0MG*D< LO 1/T( LO )»< MAXTIM-TIME 1 
GO  TO  4 

5  TIME=TIME*PERIOOI LOI 
HLOC=NLOC*1 

0M3=0MG*D( LO 1 »PERIOO» 10  t/TI LO ) 

WRITE! 8 1  DMG, TIME, LO.IR 
LO=L 

IF  ( TIME . LT . MAXTIN I  GO  TO  2 

4  WRITE!6,60U  IR  .OMG.TIME  ,NLOC  ,NCAP 

601  FORMAT!  IX, ,IR=’ ,I5,5X, '0MG= ’ ,E12.5,5X, ,TIME= ' , F 1 0 . 0.2X, 'NLOC=' ,16, 
♦  2X.'NCAP=',I6I 
1  CONTINUE 
STOP 
END 
C 

c 

SUBROUTINE  RANDOM!  AP.N, L.ISEED  > 

REAL*4  AP1 100, 1001.X, XP 
1=0 

CALL  RANOK! ISEEO.X.O) 

5  1=1*1 

CC  WRITE! 6,601 1  I,X 

CC601  FORMAT! IX, 1 1= • ,15, IX, ’X= • ,F10.6 1 
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77.  IF(I.GT.N)  GO  TO  4 

78.  XP=AP( L»I ) 

79.  IF(X.GT.XP)  GO  TO  J 

SO.  L=I 

81  .  RETURN 

81.1  4  URITEI6.60I )  L 

81.2  601  FORMAT(/1X,I5,2X, '*ILL  DEFINED  CDF»*  ) 

31. J  L=0 

81.4  RETURN 

82 .  END 

83.  C 

85.  C 

86.  SUBROUTINE  RANDK  (IT,  YFL,  INOEX) 

87.  C 

83.  C  THIS  IS  A  UNIFORM  RANDOM  NUMBER  GENERATOR  NRITTEN  BY  G.  E. 

69.  C  FORSYTHE  IN  SPRING  1969,  FOLLOWING  0.  KNUTH,  THE  ART  OF  COMPUTER 

90.  C  PROGRAMMING,  VOL.  2,  PP.  155-156.  IT  IS  MUCH  SUPERIOR  TO  RANOU, 

91.  C  THE  RANOOM  NUMBER  GENERATOR  FOUND  IN  IBM'S  SCIENTIFIC  SUBROUTINE 

92.  C  PACKAGE. 

93.  C 

94.  C  BEFORE  THE  FIRST  CALL  OF  RANDK,  IY  SHOULD  BE  SET  OUTSIDE  RANOK 

95.  C  TO  AN  ARBITRARY  INTEGER  VALUE.  (IN  WATFOR  THIS  IS  ESSENTIAL.) 

96.  C  FOR  PROGRAM  CHECKOUT,  THE  INITIAL  VALUE  OF  IY  SHOULD  BE  A  FIXED 

97.  C  INTEGER.  FOR  RANDOM  NUMBERS  DIFFERENT  ON  EVERY  RUN  (AND  HENCE 

93.  C  NOT  REPRODUCIBLE),  DECLARE  INTEGER  CLOCK)  AND  THEN  INITIALIZE 

99.  C  IY  TO  CLOCK! < 4 ) . 

100.  C 

101.  C  IF  RANDK  IS  CALLED  WITH  AN  INTEGER  INDEX  =  1,  THEN  THE  OUTPUT 

102.  C  VALUE  OF  IY  IS  A  PSEUOORANOOM  INTEGER  UNIFORMLY  DISTRIBUTED  IN  THE 

103.  C  RANGE  0  <=  IY  <  2««31 . 

104.  C 

105.  C  IF  RANDK  IS  CALLED  WITH  INDEX  =  0,  THEN  NOT  ONLY  IS  IY  PRODUCED, 

106.  C  BUT  ALSO  (AT  SOME  EXTRA  COST  IN  TIME)  A  FLOATING  NUMBER  YFL,  UNI- 

107.  C  FCRMLY  DISTRIBUTED  III  THE  INTERVAL  0.0  <=  YFL  <  1.0. 

108.  C 

109.  IY  =  IY«314159269  ♦  453806245 

110.  4  IF  (IY  .GE.  0)  GO  TO  6 

111.  C 

112.  C  CAUTION:  THE  STATEMENT  LABEL  4  IS  ESSENTIAL  IN  ORDER  TO  PREVENT 

113.  C  CERTAIN  COMPILERS  (E.G.,  FORTRAN  H  WITH  OPT  0)  FROM  PERFORMING 

114.  C  UNWANTED  "OPTIMIZATIONS."  IT  SHOULD  NOT  BE  REMOVED. 

115.  C 

116.  5  IY  *  IY  ♦  2147483647  ♦  1 

117.  C  STATEMENT  5  ADDS  2*»31  TO  NEGATIVE  VALUES  OF  IY 

118.  C 

1)9.  6  IF  (INOEX)  7,  7,  8 

120.  C 

121.  7  YFL  =  IY 

122.  YFL  =  YFL*. 46566 13E-9 

123.  C 

124.  8  RETURN 

125.  END 

126.  //GO.FT03F001  OD  0SN=WYL.X5.A95. MONTE. CARLO. DAMAGE, UNIT=OISK, 

126.2  //  OISPM ,CATLG).0CB=(RECFM=VBS,BLKSIZE=3200),SPACE=(TRK,( 10, 5), RISE) 

126.4  //GO.FTIOFOOI  00  DSN=WYL.X5 . A95. PROB,DISP=SHR 

126.6  //GO.SYSIN  DO  * 

127.  1000  87600 

201.  0.210E-06  87600. 

202.  0.  87600. 
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203. 

0. 

87600. 

204. 

0.407E-  9 

87600. 

205. 

0.573E-I6 

87600. 

206. 

0.0 

07600. 

207. 

0.573E-16 

07600. 

208. 

0.573E-16 

87600. 

209. 

0.573E-16 

87600. 

210. 

0.573E-16 

87600. 

211. 

0.573E-16 

87600. 

212. 

0. 

87600. 

213. 

0.298E-  7 

67600. 

214. 

0.440E-  9 

87600. 

215. 

0.459E-  9 

87600. 

216. 

0.479E-  9 

87600. 

217. 

0.305E-  7 

87600. 

210. 

0.573E-I6 

876  0  0. 

219. 

0.0 

87600. 

220. 

0.573E-16 

87600. 

221. 

0.573E-16 

87600. 

222. 

0.57SE-I6 

67600. 

223. 

0.337E-  6 

87600. 

224. 

0.573E-16 

87600. 

225. 

0.573E-16 

87600. 

226. 

0.185E-  4 

87600. 

227. 

0.662E-  9 

87600. 

228. 

0.573E-I6 

87600. 

229. 

0.573E-16 

87600. 

230. 

0.573E-16 

87600. 

231. 

0.573E-16 

87600. 

232. 

0.0 

87600. 

233. 

0.161E-16 

87600. 

234. 

0.547E-16 

87600. 

235. 

0.573E-16 

87600. 

236. 

0.573E-16 

87600. 

237. 

0.268E-  9 

87600. 

238. 

0.180E-  7 

87600. 

239. 

0.573E-16 

87600. 

240. 

0.383E-  8 

87600. 

241 . 

0.573E-16 

87600. 

242. 

0.290E-  6 

67600. 

243. 

0. 

67600. 

244. 

0.573E-16 

87600. 

245. 

0.573E-16 

87600. 

246. 

0.0 

87600. 

247. 

0.573E-16 

87600. 

248. 

0. 

87600. 

249. 

0.573E-16 

87600. 

250. 

0.176E-  6 

87600. 

251. 

0. 

87600. 

252. 

0.534E*  9 

87600. 

2S3. 

0. 

67600. 

254. 

0. 

87600. 

255. 

0.217E-  7 

876  00. 

256. 

O.573E-10 

676  00. 

257. 

0.0 

87600. 

253. 

0.573E-16 

87600. 

259. 

0.11IE-  6 

87600. 

260. 

0.573E-16 

87600. 

261 . 

0.573E-16 

87600. 

262. 

0. 

67600. 

263. 

0.573E-16 

87600. 

264. 

0.573E-16 

87600. 

265. 

0.0 

67600. 

266. 

0. 

87600. 

267. 

0. 

67600. 

266. 

0. 

87600. 

269. 

0.1314 

87600. 
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1 .  /VCDFLMOD  JOB 

2.  //  EXEC  FORTCL 

3.  //FORT.SYSIN  DO  •* 

4.  C 

4 .  t  C  WEATHER 

5.  C  PROGRAM  TO  READ  TEMPERATURE  DATA  FROM  A  TDF-14  SURFACE  OBSERVATIONS 

6.  C  TAPE,  ANO  SAVE  A  C.D.F.  OF  DAILY  AND  ANNUAL  TEMPERATURE  AMPLITUDES 

7.  C 

6.  C  PAUL  R.  JOHNSTON  AND  GEORGE  DERBALIAN 

9.  C  09-20-1980 

10.  C 

11.  IMPLICIT  INTEGER»4  (A-Z) 

12.  REAL«4  RANP.RCOF 

13.  COMMON  ITEMP1 24  I .COFDAY1 200 1 .CDFYR1 200 ) ,DAY<  31 ) .CTEMPI 24 ) , 

1 4 .  2 MONTH ( 1 2 ) , YE AR , LO AY , LHONTH ,NDAY , NMONTH . NYEAR .NSN.NTDN 

15.  C 

16.  C  INITIALIZE  VARIABLES 

17.  C 

13.  LDAY=0 

19.  DO  I  I=t ,200 

20.  COFOAY1 1  )  =  0 

21.  1  CDFYR1 1 1  =  0 

22.  00  2  1=1,12 

23.  2  MONTH! 1 1  =  999 

24.  YEAR=0 

25.  C 

26.  C  READ  AND  PRINT  LOCATION  AND  START  DATE 

C  7  C 

28.  REAEM  11,1101  INTON, NSN, NYEAR .NMONTH ,NDAY 

29.  REWIND  11 

30.  WRITE1 8,801  INTON, NSN, NYEAR, NMONTH, NDAY 

31  .  C 

32.  C  READ  TEMPERATURES  FROM  TAPE,  ONE  DAY  AT  A  TIME 

33.  C 

34.  100  PEAD1  11 ,1102, END=99!NT0N, NSN, NYEAR, NMONTH ,NDAY ,( ITEMP1 1 ) , 

35.  2CTEMP1 1), 1  =  1 ,6) 

36.  READ1 11 ,1 103, EN0  =  99)(ITEMP(  I), CTEMPI  1 1,1  =  7,12) 

37.  RE, ‘D( 1 1, 1 103, END=99)(ITEMP( 1 1, CTEMPI 11,1  =  13.161 

33.  READ! 11 ,1103, END  =  99 11 ITEMP1 1), CTEMPI 1 1,1  =  19. 24) 

39.  C 

sO.  C  COMPUTE  MONTHLY  AVARAGE  IF  IT  IS  THE  END  OF  A  MONTH 
41  .  C 

42.  IF  (NOAY.EQ. 1 1  CALL  EMONTH 

43.  C 

44.  C  DECODE  TEMPERATURES 

45.  C 

46.  DO  3  1=1.24 

47.  3  CALL  SIGNCK1 ITEMP1 1 1 , CTEMPI 1 1 1 

48.  C 

49.  C  CALCULATE  THE  DAILY  AMPLITUDE  ANO  AVERAGE 

50.  C 

51 .  TSUM=0 

52.  TMIN=1000 

53.  TMAX=-1 000 

54.  N=0 

55.  DO  4  1=1,24 

56.  T=ITEMP(I1 

57.  IF  IT. EQ. 9991  GO  TO  4 

53.  TSUM=TSUM*T 

59.  IF  (T.GT.TMAX)  TMAX=T 
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60. 

IF  (T.LT.TMIN1  TMIN=T 

61  . 

N=N*1 

62. 

4  CONTINUE 

63. 

IF  (N.EQ.OI  60  TO  5 

64. 

OAY! NDAY  1  =  1  .«TSUfVN*0.5 

65. 

AMP=TMAX-TMIN* 1 

66. 

IF  ( AMP. GT. 200 1  GO  TO  6 

67. 

CDFOAY< AMP ) =COFOAY<  AMP )♦ 1 

68. 

GO  TO  6 

69. 

5  0AY!N0AY)=999 

70. 

6  CONTINUE 

71. 

10AY=N0AY 

72. 

LMONTH=NMONTH 

73. 

GO  TO  100 

74. 

99  CAU  EMONTH 

75. 

C 

76 « 

C  PRINT  FINAL  DATE 

77. 

C 

78. 

WRITE1 8  >602  )NYEAR,NHONTH,NDAY 

79. 

C 

80. 

C  CALCULATE  NORMALIZATION  CONSTANTS 

81  . 

C 

62. 

NA-0 

83. 

NO=0 

84. 

DO  7  1=1,200 

85. 

NA=NA+COFYR!  1 1 

86. 

NO=NO*COFDAY(II 

87. 

7  CONTINUE 

88. 

IF  UND.EQ.01.OR.INA.EQ.0n  GO  TO  98 

89, 

YEAR=1 ,»YEAR/NA*O.S 

.  90. 

WRITE(8.8031YEAR 

91  . 

C 

92, 

C  PRINT  ANNUAL  AMPLITUDE  C.D.F. 

93. 

C 

94, 

WRITE1 8, 804 1 

95. 

RAMP=-0.5 

96. 

RC0F=0 .0 

97. 

DO  8  1=1,200 

!  ,3- 

RAMP=RAMP*O.S 

99. 

RCCF=RCDF+1 .^COFYRI I 1/NA 

100. 

WRITE ( 8,805 1RAMP.RCOF 

101 . 

8  CONTINUE 

102. 

C 

103. 

C  PRINT  DAILY  AMPLITUDE  C.D.F. 

104. 

C 

105. 

WRITE! 8,806 1 

106. 

RAMP=-0.5 

107. 

RCDF=0 . 0 

103. 

DO  9  1=1 ,200 

109. 

RAMP=RAMP*0.5 

110. 

RCOF=PCDF+1 .9CDFDAY1 1 l/NO 

111. 

WRITE) 8,807 IRAMP.RCDF 

112. 

9  CONTINUE 

113. 

STOP 

1 1 4.. 

C 

115. 

C  INSUFFICIENT  DATA  ON  THE  TAPE 

116. 

C 

117. 

98  WRITE18.808I 

118. 

STOP 

119. 

801  FORMAT! IS,'  TAPE  DECK  NUMBER' ,/,I5, '  STATION  NUMBER 15 , 

i 

1 

1 
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izo. 
tzt . 
122. 
12  3. 

124. 

1 25. 

126. 
127. 
1  26. 

129. 

130. 
131  . 

132. 

133. 

134. 

135. 

136. 

137. 
133. 
1  39. 
140. 
141  . 

142. 

143. 

144. 

145. 

146. 

147. 
143. 

149. 

150. 
151  . 

152. 

153. 

154. 

155. 

156. 

157. 
153. 
159. 
loO. 
161  . 
162. 

163. 

1 64 . 

165. 

166. 
167. 
163. 

169. 

170. 
171  . 

172. 

173. 

174. 

175. 

176. 

177. 
17G. 
179. 


2*  FIRST  TEAR1, /.IS,'  FIRST  MONTH* ,/,I5, 1  FIRST  OAT*) 

802  FORMAT! IS,*  LAST  YEAR*,/, IS,*  LAST  MONTH* ,/, IS, *  LAST  OAT* > 

803  FORMAT! 15, '  AVERAGE  TEMPERATURE*) 

804  FORMAT! *  ANNUAL  TEMPERATURE  AMPLITUDE  C.D.F.*) 

805  FORMAT(F10.2,F10.6> 

806  FORMAT! ‘DAILY  TEMPERATURE  AMPLITUDE  C.D.F.*) 

807  FORMAT!  F10.2»F10.6) 

808  FORMAT! 'INSUFFICIENT  DATA  IN  ANY  YEAR  TO  COMPUTE  AVERAGE*) 

1101  FORMAT! 14,15,312 ) 

1102  FORMAT! 14,15,312,6! 15X»I2 » A1 ,62X>> 

1103  FORMAT!  I5X.61 1SX.I2.A1 ,62X>) 

END 

SUBROUTINE  SIGNCK! IFLD, ISGN) 

C 

C  SUBROUTINE  TO  DECODE  TEMPERATURES 
C 

IMPLICIT  INTEGER*4  IA-Z) 

DIMENSION  N'JM!  10), IP!  10), MIN!  10) 

DATA  IP/*A*,'B‘,*C*,*D*,*E*,*F’,*G*,*H*,*I*,ZCO/ 

DATA  MIN/* J* , *K* , *L* , *M* , *N* , *0* , *P* , *Q* , *R* ,ZD0/ 

OATA  NUM/1 , 2,3, 4 ,5, 6,7, 8,9,0/ »I AST/'*'/ 

IF  ! ISGN.EQ.IAST )  GO  TO  16 
00  14  K=1 , 10 

IF  I ISGN. EG . MIN! K ) )  GO  TO  22 
IF  ! ISGN. EQ . IP! K  ) )  GO  TO  20 
14  CONTINUE 
16  IFL0=999 
RETURN 

20  IFL0=IFL0«10*NUH1K> 

RETURN 

22  IFLO=-< IFL0*10*NUM(K ) ) 

RETURN 

ENO 

SUBROUTINE  EMONTH 
C 

C  SUBROUTINE  TO  PROCESS  TEMPERATURE  DATA  AT  THE  END  OF  A  MONTH 
C 

IMPLICIT  INTEGER»4  IA-Z) 

COMMON  ITEMP1 24 ) .CDFDAYI 200 ) .CDFYR1  200 ) ,DAY<  31 ) .CTEMPI 24 ) , 
2M0NTH1 1 2  ) ,  YEAR ,  LOAY ,  LMONTH ,  NDAY ,  NMONTH  .NYEAR  ,)ISN ,  NTDN 
IF  ! LOAY.EQ.O )  RETURN 
C 

C  CALCULATE  THE  AVERAGE  MONTHLY  TEMPERATURE 
C 

TSUM=0 

N=0 

00  1  1=1, LOAY 
T=0AY< 1 1 

IF  IT. Ed. 999)  GO  TO  1 

TSUM=TSUM*T 

N=H«1 

1  CONTINUE 

IF  1N.GT.0)  MONTH!  LMONTH  >  =  1  .«TSUM/N*0. 5 
IF  1N.EQ.0 )  MONTH! LMONTH 1=999 
IF  1LMONTH.LT. 12)  RETURN 
C 

C  CALCULATE  THE  ANNUAL  AMPLITUDE  ANO  AVERAGE 
C 

TSUM=0 

TIIIN=1000 
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180.  TMAX=- 1 000 

181.  N=0 

182.  DO  2  1  =  1  .12 

183.  T=MONTH( I > 

184.  IF  ( T. EQ.999 )  60  TO  2 

185.  TSUN=TSUN*T 

186.  IF  1T.GT.TMAX)  THAX=T 

187.  IF  (T.LT.THIN)  TMIM=T 

188.  N=NM 

189.  2  CONTINUE 

190.  IF  (N.EQ.OI  GO  TO  3 

191.  YEAR=YEAR*1 .«TSUH/N*0.5 

192.  AMP=TMAX-TMIN*1 

193.  IF  1  AMP. GT .200  1  GO  TO  3 

194.  C0FYR1 AMP )=COFYR( AMP  1  + 1 

195.  3  DO  4  1=1,12 

196.  4  UONTHI 1 1  =  999 

197.  RETURN 

193.  END 

199.  //LKED .SYSLMOD  DO  UMIT=OISK,VOL=SER=PUB003.DI5P=(NEU,KEEP>, 

200.  //  DSN=UYL.X5 .  A95.CHINA1CDFGEN)  >SPACE=(  TRK.1  3, 1  >  1  ) .RISE  ) 
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1. 

2. 

3. 

4. 

4.1 

4.2 

4.  J 

4.4 

4.5 

4.6 

4.7 

5. 

6. 
7. 


8. 

9. 

10. 

11  . 

12. 

13. 

14. 

15. 

16. 

17. 

18. 

19. 

20. 

21  . 
22. 

23. 

24. 

25. 

26. 

27. 

28. 

29. 

30. 

31  . 

32. 

32.01 

32.02 

32.1 
32.15 

32.2 
32.25 

32.3 
32.35 

32.4 
32.45 

32.5 
32.55 

32.6 
32.65 

32.7 
32.75 

32.8 

32.85 

32.86 

32.87 


32.68 


//  JOB  1A959X5, 516, 0.25, 10), 'GEORGE  OERBALIAN' ,REGION=512K 
/■SETUP  T=1  INPUT=AU0523 
//  EXEC  FORTCLG 
//FORT.SYSIN  DO  • 

C 

C  LOGISTIC 

C  GEORGE  OERBALIAN 
C  APRIL  1981 

C  THIS  PROGRAM  DETERMINES  THE  PROBABILITY  TRANSITION  (MARKOV)  MATRIX 
C  FOR  ANT  ROCKET  SYSTEM  USING  THE  FLTAC  ROCKET  MOTOR  HISORY  TAPE  AS  INPUT 
C 

INTEGER  YEAR. MONTH, DAY, Y,M,D 

DOUBLE  PRECISION  MRL(  1 00 ) , LOC ,RLOC( 1 00 ) .RCT.RCTO, LOCO.CF .SR.SRO 
DIMENSION  INDEX) 100  I, P( 100. 100 ) ,TIME( 100) 

DATA  CF/'CF  •/, EXP/* EXP1/ 

NRL=0 

10  READ! 15,501 ,END=99)  LOC 
READ( 1 5 , 502 , END=99 ) 

READ) 15 ,502 ,ENO=99 ) 

READ! 1 5 , 502 , END=99 ) 

501  FORMAT) 23X.A5 ) 

502  FORMAT) IX) 

IF  (NRL.EO.O)  GO  TO  1 
00  2  J=1 ,NRL 

IF  (LOC.EQ.RLOC(J))  GO  TO  10 

2  CONTINUE 

1  NRL=NRL*I 

IF  1 NRL.GE. 100 )  WRITEI6.610)  NRL 

610  FORHAT(/1X, 'NUMBER  OF  ROCKET  LOCATIONS  EXCEEDING  ARRAY  SIZE', 14) 
RLOC) NRL )=LOC 

WRITE ( 6 ,601 )  NRL.RLOC(NRL) 

GO  TO  10 

601  FORM AT 1 15, IX, AS ) 

99  DO  3  1*1,100 
TIME) I )=0.0 
DO  4  J=1 ,100 
4  P(J,I>  =  0.0 

3  CONTINUE 
C 

WRITE) 6 ,607 ) 

607  FORMAT) '1  ROCKET  LOCATION  CODES') 

00  8  1=1 .NRL 

8  INDEX) I )=I 
K=0 

9  READ(5,500,END=88)  I, INDEX) I  ) 

K=K»1 

GO  TO  9 

500  FORMAT) 213) 

88  HIRL=NRL-K 
C 

K=0 

00  11  1=1, NRL 
J=INOEXt I ) 

IF  1J.E0.I)  GO  TO  12 
INDEX) I )=INDEX) J ! 

GO  TO  11 
12  K=K*1 

INDEX) I )=K 

WRITE) 6 ,601 )  K.RLOC(I) 

MRDK  l=RLOCl  1 1 
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32.9 

1 1 

CONTINUE 

32. 9S 

C 

33. 

XMIS5=0. 

34. 

REWIND  15 

35. 

REAOI 15i503«ENO=98)  SR, YEAR, MONTH, DAY, LOC.RCT.OPC 

36. 

503 

FORMAT! 1 X , A8 , 7X , 312 , 1 X , A5 , A8 , 1 X, A3  1 

37. 

REAOI IS, 504, ENO=98)  CFH 

38. 

504 

FORMAT! 35X.F10.0) 

39. 

REAOI 15 ,502 ,EN0=98 1 

40. 

REAOI 15,502,END=98) 

41 . 

21 

SRO=SR 

42. 

Y=YEAR 

43. 

h=HONTH 

44. 

D-DAY 

45. 

LOCO  =  IOC 

46. 

RCTO=RCT 

47. 

CFHO=CFH 

48. 

T  =  179-YI«365*(8-MI»30 

49. 

REAOI 15,503,ENO=981  SR, YEAR, MONTH, DAY, LOC.RCT ,OPC 

50. 

REAOI 15, 504, END=98I  CFH 

51. 

REAOI 15,502,ENO=98> 

52. 

REAOI 15, 502, END-98) 

53. 

IF  (SR.NE.SRO)  60  TO  24 

54. 

T=IYEAR-Y)«345*IM0NTH-N)»30*IDAY-D> 

55. 

24 

00  22  1=1 ,NRL 

56. 

CALL  MAFI  RLOC  .RLOC!  I  ), INDEX »J, NRL) 

57. 

IF  1 RLOC 1 1 1 . EQ. LOCO!  60  TO  23 

53. 

22 

CONTINUE 

59. 

23 

IF  IOFC.NE.EXP)  TIMEIJ)=TIME1J)*T 

60. 

IF  (FCT.NE.CF 1  60  TO  27 

61  . 

PI J ,NIRL*1 >=P< J.NIRLM )♦! . 

62. 

IF  I CFH. LE. 0.01  XHISS=XMISS*1 . 

63. 

TINEINIRL*! I  =  UMEINIRL*1 >*CFH/24.0 

64. 

TIt;EI  J)  =  TIMEI  Jl-CFH/24. 

65. 

27 

IF  IS9.NE.SR01  60  TO  21 

66. 

DO  25  1=1, NRL 

67. 

CALL  MAPI RLOC, RLOC! I), INDEX, K, NRL) 

68. 

IF  (RLOCII).EQ.LOC)  60  TO  26 

69. 

25 

CONTINUE 

70. 

26 

IF  IJ.NE.K)  PI J.K )=PI J,K  )*1 . 

71 . 

GO  TO  21 

72. 

98 

IF  (OPC.NE.EXP)  TIME! K )=TIMEI K  )*T 

73. 

>:nt=o 

74. 

00  34  1=1 ,NIRL 

75. 

34 

xnt=xnt«pii,nirl*i 1 

76. 

TIMEINIRL*1 )=TIMEINIRLM 19XNT/I XNT-XMISS1 

77. 

NIRl=NIRL*1 

77.1 

WRITE! 10)  TIME 

78. 

WRITE! 6 ,602  > 

79. 

602 

FCRUATI 'INUIIDER  OF  DAYS  SPENT  IN  EACH  LOCATION1) 

80. 

WRITE  I  6, 603)  1 1 .TIME  1 1 ) , 1  =  1 ,NIRL ) 

81  . 

603 

FORMAT! I5.1X.E12.4) 

81.1 

TINEINIRL)=TIME(NIRL)XXNT 

81.2 

NM--NIRL-1 

82. 

DO  30  1=1, NM 

83. 

XK  =  0. 

84. 

00  31  J=1,NM 

85. 

31 

XK=XK«PII,J) 

85.1 

XKP=XK*P(I,NIRL> 

86. 

IF  (VK.NE.O. )  GO  TO  36 
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86.1 

MRITE(6,611 1  I 

86.2 

611 

FORMATI IX, ‘"ABSORBING  STATE*', IS) 

£6.3 

P(1, 11=1.0 

56.4 

GO  TO  30 

57. 

36 

TIME! X )=TIME( X 1/XK 

S3. 

DO  32  L=1 ,NIRl 

39. 

32 

PI  I ,  L)=P(  I ,L l/XKP 

90. 

30 

CONTINUE 

91  . 

WRXTEI6,608) 

91.1 

60S 

F03MATI '1  RELATIVE  TIME  SPENT  IN  EACH  LOCATION') 

c2 . 

WRITE! 6 ,603 1  1 1 .TIME! 1 1 ,1= 1 ,NIRl) 

93. 

WRITE! 6, 604) 

94. 

604 

FORMAT! ' 1THE  PROBABILITY  MATRIX') 

95. 

DO  33  1=1 ,NIRL 

96. 

WRITE! 6 ,606 1  I 

97. 

33 

WRITE! 6, 605)  1 J,P( I , J ) . J=t , NIRL ) 

93. 

605 

FORMAT!  I0II3,F9.6,!X)) 

99. 

606 

FORMATI/IX, 'ROW  NUMBER=',I3) 

99.1 

WRITE! 10)  MRL.P, TIME. NIRL 

100. 

101 . 
101.1 
101.15 
101 .2 
101.25 

101.3 
101.35 

101.4 


STOP 

END 


SUBROUTINE  MAPI  R LOC . LOC , INDEX, N,NRL) 
DOUBLE  PRECISION  RLOCI 100). LOC 
INTEGER  INDEX! 1001 
00  1  1=1, NRL 


101 .45 

J=I 

101  .5 

1  IF  1 R  LOCI  I ) . EQ . LOC ) 

101 .55 

2  N=II!DEX(  J  ) 

101 .6 

RETURN 

101 .65 

END 

102. 

//GO.FT15F001  DO  VOl=SER=, 

103. 

//  DCB=I RECFH=FB ,BLKSIZE= 

103.1 

//GO.FTIOFOOI  00  DSN=WYL.: 

103.2 

//  OCB=(RECFM=VBS,BLKSIZE 

104. 

//GO.SYSIN  00  * 

104.1 

6  1 

104.15 

27  2 

104.2 

56  a 

104.25 

86  9 

104.3 

es  ii 

104.35 

13  11 

104.4 

33  15 

104.45 

16  15 

104.5 

77  19 

104.55 

60  26 

104.6 

81  26 

104.65 

31  30 

104.7 

55  30 

104.75 

64  30 

1  04.6 

70  30 

104.85 

67  36 

104.9 

80  68 

104.95 

76  74 

105. 

/« 
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TKtfiv 

c 

C  AIRCARRY 


C 

t 

LOGICAL*!  AI80I 

i1 

REAL*8  CDFDI501.SUN 

s 

INTEGER  NOW  12,25 ) ,HAVG< 1 2,25 ) ,D,Y,C( 6 ) 

4 

1  =  1 

5 

RE ADI 5,500)  IRSTRT 

6 

f* 

500 

FORMAT) It  I 

7 

V 

DO  10  J=1,S0 

8 

10 

CDF01 J  1=0.000 

9 

DO  11  J=l ,25 

10 

DO  11  K=l ,12 

It 

NOW  K,  J  )=0 

12 

11 

HAVG(K,J)=0 

13 

1 

READ)  1 .501  ,EN0=99)  M,O.Y,MIN,MAX,C 

14 

501 

FCPMAT1 2X , 312 ■ 27X , 13 ,3X, I3.6X ,6A3 ■ 1 2X ) 

15 

WP1TE16.601 )  I,M,D,Y,MIN.MAX,C 

16 

601 

FOR MAT ( 1X,I5,2X,3I3,5X,X3,3X,I3,5X,6A3) 

c 

1960  IS  THE  FIRST  YEAR  CONSIDERED 

17 

Y=Y-59 

18 

IF  (Y.LE.O  .OR.  Y.GT.25 )  GO  TO  1 

10 

IF  (MAX. LT. MIN)  GO  TO  1 

20 

IO^MAX-MIN)/! 

21 

CDFDUOM  )  =  CDFDI  10*1  )«1.000 

22 

IAVG=)MAX«MlN)/2 

23 

NDM(M,ri=NOf«M,r»«» 

24 

MAVG1 M ,  Y 1  =MAVG(  M,  Y  I  •  I AV6 

25 

1=1*1 

26 

GO  TO  1 

27 

99 

SUM=0.000 

28 

DO  2  1=1,50 

29 

2 

SUM=SUH*CDFO(I> 

30 

00  3  1=1,50 

31 

3 

C0FD)I1=CDFD(I)/SUH 

32 

00  4  1=2,50 

33 

4 

CDFD1 I )=COFD( 1-1 >«CDFD( I ) 

34 

DO  7  1=1,50 

35 

J=I-1 

36 

7 

WRITE! 6 ,602 )  J.COFDII) 

37 

602 

FOpMAT ( 15 , E 1 5 . 7  > 

38 

00  6  J=< ,25 

39 

DO  5  1=1 >12 

40 

IF  (MOM!  I.J1.EQ.0)  GO  TO  5 

41 

MAVGI I .  J  l=MAVGI  I ,  J  )/NDMI  I,  J  ) 

42 

5 

CONTINUE 

43 

6 

CONTINUE 

44 

WRITE! 6,603 1  ((MAVGI I, J),I=1 ,12 ) , J=1 ,25) 

45 

603 

FORMAT! IX, 12110) 

46 

STOP 

47 

END 
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a  •<- 

m  u  II  O  X  o 

•  C  U  *  U  Q  O 

C  m  Z  w  •  O  <0 

<  H  H  -  M  rv 

Q  ►—  •-«  CK  « 

£  —  *  N  X  Q.  ui 

►-  o  —  O  —  ♦  -J 

a  4 : «  »  un  • 

o  *  —  •  in  r  -  iu 


»  U  "Wlfc^W 

>  —  —  ~  *  O  4  •>  >0  —  1  C 

a  a  —  k>-pm 

O  H  Q  •  .  *M  O  U  <  111  <  H  ^  K 

—  >~oon  j>-zm;uH*a 
n  m  ii  o  — »  *-»  p:  n  n  o  o 

»oon<oooao«Tproo-o*-tiuu.p-i: 
•  Q»*OUOOHMi3Uj(li.2liil-aMiOu 


o  o  o  •*  fi  ^  m  -c  k  o»e-fiwmo 

O  O  O  t)  O  O  O  O  ^  (I  fj  f|  (j  fj  u  H  fj  (j  II  M  M  n  Kin  ii 

OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO 

ooooooooooooooooqoooooooooooooo 

o  ti  ii  Si  JH  li  o  C)  In  in  in  Ji  Jft  Ci  I'i  fi  In  5i  fi  ti  Ci  in  o  R  5i  Oi  W  Ci  vi  5i  vi 

HHHHHHHHHHHHHHHMNHHHHHHHHHHHNHH 


The  program  reads  the  damage  vs.  time  results 
from  Markov  and  sorts  the  damages  in  an  ascending 
order  at  every  three-month  interval. 
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♦VERSION  1.3.0  (01  MAY  801 
REQUESTED  OPTIONS: 

OPTIONS  IN  EFFECT:  SYSTEM/370  FORTRAN  H  EXTENDED  (ENHANCED)  DATE  81 . 15S/M  7. 20 . 02 

NAME*  MAIN )  OPTIMIZE! 3  I  LINECOUNTI 60  )  SIZC(MAX)  AUTODDLI NONE ) 

SOURCE  EDCOIC  NOLIST  NOOECK  OBJECT  MAP  NOFORMAT  GOSTMT  NOXREF  ALC  NOANSF  TERM  IBM  FLAG! I) 


C 

C 

SUDROUTINE  VSCRTrt  ( A>  LA ) 

VS0M0010 

VSOMOOCO 

c- 

-VSCRTA 

VSQM0040 

C 

vsor  looso 

c 

FUNCTION  VSORTM  -  SORT  ARRAYS  BY  ABSOLUTE  VALUE 

VSQM0060 

c 

VSORTA  -  SCRT  ARRAYS  CY  ALGEBRAIC  VALUE 

VSOM0070 

c 

USAGE  -  CALL  VSORTM  IA.LA) 

VSOMOOSO 

c 

-  CALL  VSORTA  (A, LAI 

VSOMOOCO 

c 

PARAMETERS  a  -  ON  INCUT,  CONTAINS  THE  ARRAY  TO  BE  SORTED 

vsonoico 

c 

ON  OUTPUT,  A  CONTAINS  THE  SORTED  ARRAY 

VSCM0110 

c 

LA  -  INPUT  VARIABLE  CONTAINING  THE  NUMBER  OF 

VSOMOI CO 

c 

ELEMENTS  IN  THE  ARRAY  TO  BE  SORTED 

vsoriouo 

c 

PRECISION  -  SINGLE,  DOUBLE 

VSOMOI  **0 

c 

LANGUAGE  -  FCRTFAN 

VS0110150 

c- 

- V5QM0160 

c 

LATEST  REVISION  -  DECEMBER  9,  1975 

VSOMOI 70 

c 

VSCM31G0 

ISN 

OOOC 

SUBROUTINE  VSCRTM  (A, LAI 

VSOMOI 90 

c 

VS0M0200 

ISN 

0003 

DIMENSION  AM  1.IU121  I.IL1Z1  ) 

V5UM021O 

ISN 

0004 

DOUBLE  PRECISION  A.T.TT 

VSON3220 

c 

FIND  ABSOLUTE  VALUES  OF  ARRAY  A 

V50l:0230 

ISN 

0005 

00  5  1=1 , LA 

V50M0240 

ISN 

0006 

IF  (All)  .LT.  0.01  A( 1 1  = —A 1 1 1 

VSOM0250 

ISN 

0003 

5  CONTINUE 

VS0M0260 

c 

VSCI10270 

ISN 

0009 

ENTRY  VSORTA  (A, LAI 

VSOM0230 

c 

VSOM0C90 

ISN 

0010 

M=1 

VSOM03C0 

ISN 

001  1 

1  =  1 

V5CM0110 

ISN 

001Z 

J-LA 

VSOM3320 

ISN 

0013 

P= . 375 

VSOM033O 

ISN 

C0 1  ^ 

10  IF  (I  .EQ.  Jl  GO  TO  55 

vcc:io3«o 

ISN 

0016 

15  IF  (R  .GT.  .53934371  GO  TO  20 

V50M3350 

ISN 

0013 

R=R*3.90625E-2 

V50M03*>0 

ISN 

0019 

GO  TO  25 

V5C110370 

ISN 

ooco 

CO  R=P-. 21675 

VSOMOCSO 

ISN 

OOZ1 

25  K  =  I 

V5OMC190 

c 

SELECT  A  CENTPAL  ELEMENT  OF  THE 

VSOM0400 

c 

APRAY  AND  SAVE  IT  IN  LOCATION  T 

VS9M04I0 

ISN 

0002 

ij=i*i j-ii»r 

VSOMD423 

ISN 

0003 

T  =  A(  I J 1 

V30M0.30 

c 

IF  FIRST  ELEMENT  OF  ARRAY  IS  GREATER  VS0M3440 

c 

THAN  T,  INTERCHANGE  KITH  T 

VSO:  13450 

ISN 

0024 

IF  (All)  .LE.  T 1  GO  TO  30 

VUOM0.60 

ISN 

0026 

A(IJI  =  A(Ii 

VSOMO-WO 

ISN 

0027 

All  )  =  T 

V50M0400 

ISN 

0023 

T=A< I J 1 

VSOI10490 

ISN 

0029 

30  L=J 

VS0110500 

c 

IF  LAST  ELEMENT  OF  ARRAY  IS  LESS 

THANVSON05I0 

c 

T,  INTERCHANGE  WITH  T 

VSON0520 

ISN 

0030 

IF  1A1J)  .GE.  T)  GO  TO  40 

V50N0530 

ISN 

0032 

Al  I J l  =  A( J  1 

VSOM0540 

ISN 

00i«fc 

A1JI  =  T 

V30I10550 
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DATE  01.155/(7.20.02 

♦VERSION  t.J.O  (01  MAY  00)  VSOfiTM  SYSTEM/J70  FORTRAN  H  EXTENOEO  ( ENHANCED  1 


ISN 

0034 

C 

T=A( IJ1 

C 

ISN 

0035 

IF  (A(I)  .LE. 

T) 

GO 

TO 

40 

ISN 

0037 

A(  IJ )  =  A( I ) 

ISN 

0033 

A(II  =  T 

ISN 

0039 

T  =  A(  IJ) 

ISN 

0040 

GO  TO  40 

ISN 

0041 

35 

TT=A(L( 

ISN 

0042 

A(  L  )  =  A (  K  ) 

ISN 

0043 

C 

A(KI  =  TT 

C 

ISN 

0044 

40 

L  =  L- 1 

ISN 

0045 

C 

IF  (A(L)  .GT. 

T) 

GO 

TO 

40 

C 

ISN 

0047 

45 

K=KM 

ISN 

0043 

C 

IF  (A(K)  .LT. 

T) 

GO 

TO 

45 

ISN 

0050 

C 

IF  (K  .LE.  L) 

GO 

TO 

35 

c 

ISN 

0052 

IF  (L-I  .LE. 

J-K)  GO  TO  50 

iSN 

0054 

IL(M  1  =  1 

ISN 

0055 

IU( M  >  =  L 

ISN 

0056 

I=K 

ISN 

0057 

M=MM 

ISN 

0053 

GO  TO  60 

ISN 

0359 

50 

IL1M)=K 

ISM 

0060 

IU(M)=J 

ISN 

0061 

J  =  L 

ISN 

0062 

M=M*  1 

ISN 

0063 

c 

GO  TO  60 

c 

ISN 

0064 

55 

M=M-1 

ISN 

0065 

IF  (M  .ED.  0) 

RETURN 

ISN 

0067 

I  =  IL(M) 

ISN 

0065 

.r 

J  =  IU(MI 

ISN 

0069 

60 

IF  (J-I  .GE. 

11  1 

GO 

TO 

25 

ISN 

0071 

IF  (I  .£Q  ■  11 

GO 

TO 

10 

ISN 

0073 

1  =  1-1 

ISN 

0074 

65 

1  =  1*1 

ISN 

0075 

IF  (I  . EQ.  J) 

GO 

TO 

55 

ISN 

0077 

T=A( 1*1 ) 

ISN 

0073 

IF  (Ad)  .LE. 

T> 

GO 

TO 

65 

ISN 

0030 

K  =  I 

ISN 

0051 

70 

A(K*1  )=A( K ) 

ISN 

00S2 

K=K-1 

ISN 

0033 

IF  (T  .LT.  A(K ) ) 

GO 

TO 

70 

ISN 

0035 

A(K*1  )  =  T 

ISN 

0036 

GO  TO  65 

ISN 

0037 

END 

VS0110560 

IF  FIRST  ELEHENT  OF  ARRAY  IS  GREATER  VSOII0S70 
THAN  T,  INTERCHANGE  WITH  T  VSOM0530 

VSOM0590 

VSOI10600 

VSOM06IO 

VS0110620 

VS0M0630 

V50M0640 

VSOM0650 

VSCM0660 

FIND  AN  ELEMENT  IN  THE  SECOND  HALF  OFV50M0670 
THE  ARRAY  WHICH  IS  SMALLER  THAN  T  VSCIIO60O 

VSOI13690 

VSCM0700 

FINO  AN  ELEMENT  IN  THE  FIRST  HALF  OF  VSOM07I0 
THE  ARRAY  WHICH  IS  GREATER  THAN  T  VSOM0720 

VSCN07J0 

V5CM0740 

INTERCHANGE  THESE  ELEMENTS  VSOM97SO 

VSOM0760 

SAVE  UPPER  AND  LOWER  SUBSCRIPTS  OF  VSON077O 
THE  ARRAY  YET  TO  BE  SORTED  VSOM3730 

VSOM079O 

VSOMOSOO 

VS0MCS10 

VSOM0030 

VSOMOB30 

VSOM0540 

vsonosso 

vsomosso 

V50M0370 

VSOIIOSSO 

VSONOS90 

BEGIN  AGAIN  ON  ANOTHER  PORTION  OF  VSCM0700 
THE  UNSORTED  ARRAY  "  VSOM0910 

VSCN0920 

VSON0930 

VSON09<0 

VSOM0950 

VSO:t0960 

VSON0970 

VSOM09S0 

VSOM0990. 

vsomooo 

VSONIOIO 

vsomio:o 

VSOI11030 

VSQMI040 

VSOMI050 

V50M1C60 

VSOM1070 

VSOMIOSO 

VSOMI090 
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aT 

b 

6 

c 

C1 

C2 

D 

Ec 

EP 

*c 

Er(0 

fa 


fd 


Fa 

Fd 

kl 


NOMENCLATURE 

Radius  of  cavity  Inside  rocket 

Time  temperature  shift  factor  of  propellant  material 

Outer  radius  of  propellant 

is  a  constant  for  a  given  propellant  material 

Outer  radius  of  rocket 

Thermal  conductivity  of  air 

Thermal  conductivity  of  propellant 

Damage 

Elastic  modulus  of  casing 
Elastic  modulus  of  propellant 
Case  properties 
Propellant  properties 
Relaxation  modulus  of  propellant 

Scale  factor,  when  multiplied  by  the  ambient  seasonal 
temperature  amplitude  Ta,  gives  the  skin  seasonal  tem¬ 
perature  amplitude 

Scale  factor  when  multiplied  by  the  ambient  diurnal 
temperature  amplitude  Td  gives  the  diurnal  skin  temper¬ 
ature  amplitude 
Seasonal  frequency 
Diurnal  frequency 
Thermal  diffusivitv  of  air 
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k£  Thermal  dlffuslvity  of  propellant 

Kt  Stress  concentration  factor 

p^j  Probability  Markov  matrix 

P  is  the  normalizing  term  used  to  define  the  probability 

distribution  of  failures 
r  Radial  distance 

Location 
t  Time 

t^  is  the  time  to  failure  of  the  specimen  is  exposed  to 

only  the  ith  stress  level 

tQ  is  the  unit  value  of  the  time  for  whatever  units  are 

used  in  measuring  tf 

Ta  Seasonal  temperature  amplitude 

Td  Diurnal  temperature  arm  litude 

Tm  Mean  temperature 

T(r,t)  Temperature  distribution  inside  rocket 

Ts  Rocket  motor  skin  temperature 

Tj  Temperature  inside  rocket  cavity 

T2  Temperature  in  rocket  propellant 

a  Thermal  expansion  coefficient  of  propellant 

<*c  Thermal  expansion  coefficient  of  casing 

Ati  is  the  time  the  specimen  is  exposed  to  the  1th  stress 

level 

v  Poisson's  ratio  of  propellant 
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vc  Poisson's  ratio  of  case 

S  Reduced  time 

ocr  is  the  critical  true  stress,  below  which  no  failures 

are  observed 

o. .  Stress  component 

*  *J 

o_  Radial  stress 

r 

is  the  "true"  stress  applied  to  the  specimen 

is  the  true  stress  required  to  fail  the  specimen  in  the 

time  tQ 

a2  Axial  stress 

og  Hoop  stress 

u  Frequency 

<j  Annual  angular  frequency 

O 

Diurnal  angular  frequency 
v2  Laplacian  operator 
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